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LOI CAM DOAN
T6i xin cam doan Luan van thac si v6i dé tai: “Nghién citu mé hinh hoc
sdu va trng dung BIGDL cho bai toan nhdn dién va phan loai néng san” dudi
su huéng din cua thady PGS. TS. Nguyén Vin Thay 1 cong trinh nghién ctu
ctia riéng toi. Cac két qua nghién ctru trong luan van 13 trung thuc, cac tai lidu
tham khao dugc trich din day du.
Ha Noi, ngay  thdng  nam 2023

Hoc vién

Pham Ngoc Hoan



LOI CAM ON

PAu tién, t6i xin duoc guri 101 cam on sau sic dén Hoc vién cong nghé
Buu chinh Vién théng néi chung va cac thiy c6 da giang day toi noi riéng,
Thay/C6 da truyén dat nhitng kién thire va kinh nghiém quy bau trong sudt qua
trinh t61 hoc tap tai Hoc vién.

T6i xin dugc giri 101 tri 4n su sic dén thay giao PGS. TS. Nguyén Vin
Thuy, ngudi di diu dit va huéng dan ti trong sudt qua trinh thyc hién ludn
van. Su chi bao va dinh hudéng cua thiy di giup t6i nghién ctru va giai quyét
cac van dé mot cach khoa hoc va ding din hon.

Tiép theo, t6i xin duoc gui 161 cam on ti bé me, vo va anh chi em dong
nghié¢p da luon dong vién, gitp do toi vuot qua nhitng kho khan trong hoc tap,
cong viéc va cudc song.

Trong qua trinh thyc hién luan van, du da rat c¢d gang nhung khong thé
tranh khoi nhimg thiéu sot, t6i rit mong nhan dugc su dong gop ¥ kién tur
Thay/C6 va cac ban dé luan van cua t6i dugc hoan thién hon.

Toi xin chan thanh cam on!

Ha N¢i, ngay  thdng  nam 2023

Hoc vién

Pham Ngoc Hoan
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Bang 3.1: So sanh so bo két qua huan luyén cta 2 phuong phap



MO DAU
1. Tinh cp thiét caa dé tai

Hién nay, & nudc ta noi riéng va & cac nudc dang phat trién c6 nén nong
nghiép 1a mot trong cac nganh san xuat cha yéu, qua trinh thu hoach, phan loai,
danh gia chét luong cac loai san pham nong nghiép, dic biét 1a cac loai néng
san, chu yéu con phai thuc hién bang cac phuong phap thii cong. Pay 14 cong
viéc khong qua kho, nhung tiéu tén nhiéu thoi gian, cong strc ctia con ngudi
va 1 rao can d6i voi md rong phat trién quy mé san xuat nong nghiép. Do do,
nhiéu phuong phap tu dong hoa cong viéc thu hoach, nhan dién va danh gia
chat lugng nong san da duoc nghién ctru va dua vao tng dung thuc té, trong d6
str dung chii yéu cac phuong phap xir Iy anh don thuan. Tuy nhién, cac phuong
phap nay van chua thuc su thoa mén yéu cau vé kha nang nhan dién mat $6
luong 16n cac loai nong san vo1 dd chinh xac cao do bi han ché boi cac dic
trung cua bai todn nhan dién nong san, $6 luong chung loai 16n véi nhiéu nong
san hét strc trong tu nhau, sy bién thién vé hinh dang, mau séc, chi tiét cia timg
ndng san ciing rat kho dy doan trudc. ..

Trong thoi gian gan ddy, nhd su phat trién manh mé vé kha ning tinh
toan cua cac thé hé may tinh hién dai, ciing nhu sy bung nd vé dir lidu thong
qua mang luéi Internet trai rong, ta di chimg kién nhiéu su dot pha trong linh
vuc Hoc may, dac biét 1a trong linh vuc Thi gidc may tinh. Nbi tiép su phat
trién cua Hoc may, mdt nhadnh dac biét trong Hoc may la Hoc sau - Deep
Learning da dat duoc nhiéu thanh tyu dang ké, dic biét 1a trong linh vuc Xt 1y
anh va ngon ngi ty nhién.

Hoc sau ¢ tng dung sau rong trong cac linh vuc cia doi sbng nhu tim
kiém su khéc nhau gifra cac van ban, phat hién gian 1an, phat hi¢n spam, nhan
dang chir viét, giong néi, nhan dang hinh anh,... gép phan quan trong trong

viéc hd trg con ngudi trong nhiéu linh vuc doi sdng. Tir nhimg tng dung thuc



té va nhiing loi ich ma Hoc sau dem lai, dé tai nghién ctru “Nghién citu mé hinh
hoc sau va ung dung BIGDL cho bai todn nhan dién va phan loai néng san ™
d3 dugc dua ra v6i hy vong co thé tmg dung thanh coéng cac mé hinh hoc sau
hién dai dé xay dung mot h¢ théng nhan dién ndng san tu dong.

2. Tong quan vé van dé nghién ciu

Nhan dién vat thé trong anh duogc coi la bai toan co ban nhat trong linh
vuc Thi gidc may tinh, 1a nén tang cho rat nhiéu bai toan mé rong khac nhu bai
toan phan 16p, dinh vi, tach biét vat thé. Tuy bai toan co ban nay di ton tai hang
thé ky nhung con ngudi van chua thé giai quyét né mot cach triét dé, do ton tai
rat nhiéu kho khan dé may tinh c6 thé hiéu duoc cac thong tin trong mot birc
anh: sy da dang trong diém nhin, da dang trong kich thudc, cac diéu kién khac
nhau cia anh sang, su 1o0n xon phtrc tap cua nén,...

Bo co s& dir liéu anh 1a mot trong cac thanh phan quan trong hang dau
trong cac phuong phap Hoc may bao gom ca Hoc sau, dugc sir dung dé phuc
vu cho qua trinh tinh ton tham s6, huan luyén va tinh chinh cac mé hinh. Thong
thuong, bd dir liéu cang 16n va cang dugce chon loc ti mi can than thi do chinh
xac cua mod hinh cang duoc cai thién.

La mQt truong hop cu thé cua bai toan nhan dién va phan 16p, bai toan
nhan dién nong san ké thira cac kho khan vén c6 cta bai toan géc, va kem theo
la cac kho khan riéng cta chinh no, nhu: yéu cau mot bd co s dit lidu 16n vé
chung loai néng san theo mua, vung mién, dia hinh... v&i vo sb loai nong san
c6 hinh déng, mau sac, két cdu giéng nhau, dai bién thién mau sac theo chu ky
phat trién ciia qua tir lac con xanh dén lic chin, hay su da dang vé hinh dang
ctia cung mot loai qua do anh hudng cua thoi tiét, didu kién thd nhudng va ché
d6 dinh dudng. .. Nhiam ting cudng kich thudc cho bo CSDL, tao diéu kién cho
viéc huin luyén cac mo hinh, sau khi thu thap du s6 luong anh cho cac loai

nong san, mot sO thuat toan chinh stra anh sé dugc ap dung, nhu lam nghiéng



anh, chén thém nhiéu hodc ghép anh véi cac nén khac.

Bén canh su chuén bi vé bd co s& dit liéu, viée lya chon mé hinh hoc sau
cling dugc xem nhu quyét dinh dén toan bo qua trinh x1r Iy, nhan dién vat thé.
Nhitng ndm qua, mo6 hinh hoc sau dac biét 1a mang no-ron tich chap CNNs la
mo hinh duoc sir dung phd bién cho hiéu qua trong cac bai toan phan loai hinh
anh, phan loai van ban,... Uu diém cua CNNs 13 tan dung duoc tinh nang trich
chon dic trung ctia 16p tich chap va bd phan 16p dugc hudn luyén dong thoi. Y
twong hoc cung lic dic trung va bo phan 16p c6 thé hd tro v6i nhau trong qua
trinh hudn luyén va qué trinh phan 16p tim ra cac tham s phi hop véi cac véc-
to dic trung tim duogc tir 16p tich chap va nguoc lai 10p tich chap diéu chinh cac
tham sd ctia 16p tich chap dé cho cac véc-to dic trung thu duoc 13 tuyén tinh
phtl hop véi bd phan 16p cia 16p cubi cung .

Mi ngudén mé BIGDL dugc Intel gidi thiéu vao nam 2017, cung cap hd
tro thuat toan hoc sau toan dién trén Apache Spark. Pugc xay dung trén nén
tang Apache Spark c6 kha ning mé rong cao, BIGDL c6 thé d& dang mé rong
1én hang trim hodc hang nghin may chu. BIGDL c6 thé cung cip hd trg cho
cac mo hinh Hoc Sau khéac nhau (Vi du: Phat hi¢n, phan loai doi tuong,...).
Ngoai ra, né cling cho phép huén luyén va tinh chinh lai cac mé hinh duogc dao
tao trudc ddy duoc gan voi cac khuon kho va nén tang cu thé (Caffe, Torch,
TensorFlow,...), sang nén tang phén tich dit liéu 16n muc dich chung thong qua
BIGDL. Do d6, tng dung c6 thé duoc tdi wu hoa hoan toan dé mang lai hiéu
suat duoc ting toc dang ké .

Véi nhitng wu diém trén, Dé tai nghién ctru lya chon moé hinh CNNs 4p
dung cho bai toan nhan dién va phan loai nong san théng qua ma nguén mo
BIGDL.

3. Muc dich nghién cwu

Deé tai tim hiéu ing dung nhéan di¢n va phan loai nong san ciing nhu cach



trién khai céng cu tim kiém hinh anh phan mém ty dong dé giam ngudn nhan
luc va dam bao chat luong phan hon véi cong viée tim kiém bang tay.

Muc tiéu chinh ctia d& tai 13 nghién ciru mé hinh hoc siu va tng dung
nhan dién va phan loai nong san dé dat dugc tdc do tim kiém nhanh va chuan
xéac nhat dé cho nguoi dung khong mat nhiéu thoi gian tim kiém san pham.

- Nghién ctru vé cac hé thong nhan dién hinh anh.

- Thir nghiém, danh gia d6 hiéu qua ctia cac thuat toan.

- Xay dyng hé thong nhan dién va phan loai néng san tu dong.

4. Poi twong va pham vi nghién ciru
> Doi twong nghién ciru

DPoi tuong nghién ctru cua dé tai 1d mo hinh hoc siu va ung dung dugc
mi nguén mé BIGDL cho bai toan nhan dién va phan loai nong san.

» Pham vi nghién ciru

- S lugong nong san s€ nhan dién: 40 loai nong san phé bién & nudce ta
nhu nho, to, chubi, thanh long...

- S lwong anh gbc cho mdi loai qua: 500 anh, bao gdm cac anh chup
noéng san & cac goc dd khac nhau véi nén tly ¥, ¢ thé 1ay tir nguon trén mang
hoac tu chup b:?lng thiét bi camera ca nhan.

5. Phuong phap nghién cau

- Phuwong phap nghién ctru 1y thuyét

+ Poc va phan tich tai liéu vé cac phuong phap, thuat toan di timg duogc
str dung dé xay dung hé thong nhan dién hinh anh.

- Phuong phap thuc nghiém

+ Thur nghiém va danh gia do hi¢u qua cua céac thuat toan.

+ Xay dyng hé théng nhan dién hinh anh



CHUONG 1. GIOI THIEU TONG QUAN

1.1 Bai toan nhan dién va phan loai ndng san

1.1.1. Bai toan nhdn dang vt thé

Nhéan dang vat thé trong anh duoc coi 1a bai toan co ban nhat trong linh

vuc Thi gidc may tinh, 1a nén tdng cho rat nhiéu bai toan mé rong khac nhu

bai toan phan 16p, dinh vi, tach biét vat thé.... Tuy bai toan co ban nay da tdn

tai hang thé ky nhung con ngudi van chua thé giai quyét né mot cach triét dé,

do ton tai rat nhiéu khé khin dé may tinh c6 thé hiéu dugc cac thong tin trong

mot birc anh. Trong d6, nhitng khé khan tiéu biéu [1] phai ké dén:

Su da dang trong diém nhin — Viewpoint: Cting mot vét thé nhung c6 thé co
rat nhiéu vi tri va goc nhin khac nhau, dan dén cac hinh anh thu duogc vé vat
thé d6 s& khong gidng nhau. Viéc huan luyén dé may tinh c6 thé hiéu duoc
diéu nay thuc sy la mgt thach thirc kho khan.

Su da dang trong kich thudc: Céc birc anh khong c6 cach nao thé hién trudong
thong tin vé kich thudc cua vat thé trong doi thuc, va may tinh ciing chi co
thé tinh toan duoc ti 1é tuong ddi cua vat thé so véi burc anh bﬁng cach dém
theo s6 lugng cac diém anh vat thé d6 chiém trong anh.

Céc diéu kién khac nhau cia chiéu sang: Anh sang c6 anh huéng manh mé
dén thong tin thé hién trong mdt birc anh, dic biét 1a & mirc do thép nhu muc
do diém anh.

Su an gidu mdt phan cta vat thé sau cac d6i tuong khac trong anh: Trong
c4c birc anh, vat thé khong nhét dinh phai xuat hién v6i day du hinh dang
ma c6 thé bi che lép mot ph?m nao dé bai nén hodc cac vat thé xung quanh.
Su khong day du vé hinh dang cta vat thé s& dan dén viéc thiéu thong tin,
dac trung va cang lam bai toan nhan dang kho khan hon.

Su 16n xon phirc tap ctia nén: Trong nhiéu truong hop, vat thé can nhan dang

bi lan gan nhu hoan toan vao nén cua btic anh, sy lan 16n vé€ mau sac, hoa



tiét gifra vat thé va nén khién cho viéc nhan dang tré nén vo cung kho khan,
ké ca voi thi giac con nguoi.

- Sy da dang vé chung loai vat thé: VAt thé can nhan dang cé thé bao gém
nhiéu ching loai khac nhau, v6i hinh dang, mau sic, két cau vo cung khac
biét. Pay chinh 1a mot thach thirc nira voi bai toan nhan dang, d6 1a lam thé
nao dé cac mé hinh nhan dang cia may tinh c6 thé nhan biét dugc cac bién
thé vé chung loai cua vat thé, vi du cac loai ghé khéac nhau, trong khi van
tach biét dugc dau 1a cac vat thé khac loai, vi du phan biét ban vai ghé...

Da dang diém nhin Padangtilé Bién dang Che khuat

Y P -
7 — E—

Lan nén Pa dang bién thé

>
ok

Hinh 1.1: Céc khé khin trong bai toan nhan dang vat thé trong anh
1.1.2. Bai toan nhgn dién va phan logi ndng sdn
La mot truong hop cu thé ciia bai toan nhan dang va phan 16p, bai toan
nhan dang nong san ké thira cac kho khin von cé ciia bai toan gbc, va kém
theo 1a cac kho khan riéng cia chinh nd, nhu:
o Da dang vé doi twong: Trai nguoc véi bai toan nhan dién hinh anh thong
thuong, bai toan nhan di¢n va phan loai ndng san doi hdi phai xt 1y mot
loat cac loai nong san khac nhau nhu lua, hat diéu, ca phé, ca chua, v.v.
Moi loai néng san cé nhitng dic trung va thudc tinh riéng, doi héi mod
hinh phai c6 kha nang phan biét chung.
o Quy mé va dg phirc tap: Bai toan nhan dién nong san thudng dbi mat

vo1 quy mo 16n hon va d§ phure tap cao hon so véi bai toan nhan di¢n



hinh anh thong thuong. N6 bao gdm nhiéu loai néng san, tir cac loai cay
trong dén cac san pham néng nghiép ché bién. Piéu nay doi hoi mo hinh
phai c6 kha nang nhan dién va phan loai mdt loat céac ddi tuong phire
tap va da dang.

e Ddc trung va thudc tinh: Bai todn nhén dién nong san thuong doi hoi
phai xem xét nhitng dac trung va thudc tinh riéng cua tung loai nong
san. C4c thudc tinh nay co thé bao gém kich thudc, hinh dang, mau sic,
texture, @ chin, d6 bi hu hong va cac thudc tinh khéc lién quan dén chat
lugng va trang thai cia nong san.

o Ung dung trong nganh néng nghiép: Bai toan nhan dién va phan loai
néng san thuong duoc ap dung trong nganh nong nghiép dé kiém tra
chat luong, do chin, phan loai san pham, quan 1y hé thong san xuat va
t6 chtre chudi cung ing nong san. Do d6, cac tmg dung cta bai toan nay
thuong lién quan mat thiét dén nhu cau thyc té trong linh vyc nong

nghiép va thuc pham.

Hinh 1.2: Sw da dang vé chiing loai cia mt loai néng san
Téng quan, bai toan nhan dién va phan loai ndng san dat ra nhiing thach
thire riéng va yéu cau kién thic vé néng nghiép, cong nghé thong tin va tmg
dung trong linh vuc nong nghiép. Dt li¢u dau vao va dau ra cua bai toan nhan
dién va phan loai nong san c6 thé khé da dang, tuy thudc vao pham vi va muc

dich cu thé cua bai toan. Dudi day 1a cac dang thong tin thuong duogc sir dung:



Dit liéu dau vao:

e Hinh anh: Pay la dang dir li¢u quan trong trong bai toan nhan dién va
phan loai nong san. Hinh anh ctia nong san duoc str dung dé trich xuat
cac dic trung va dwa vao qua trinh phan loai. Dir liéu hinh anh c6 thé
1a anh RGB (duoc biéu dién bang cic gia tri mau do, xanh 14 cay va
xanh lam), anh grayscale (dugc biéu dién bing cic mirc xam tir 0 dén
255), hodc anh da kénh khéc.

o Thong tin dac trung: Ngoai hinh anh, cac thong tin dac trung khac co
thé duoc sir dung dé phan loai va nhan dién néng san. biéu nay co
thé bao gém thong tin vé kich thuéc, hinh dang, mau sdc, texture, dic
diém vé mui, vi, do cuing/tol cia nong san, va cac thong s6 VAt Iy
khac.

Dit liéu dau ra:

o Nhan I6p: Pau ra cta bai toan phan loai nong san 1a mot nhan 16p chi
ra loai ndng san twong tng. Vi du: "tao", "xoai", "nho", "ca chua",...

o D¢ tin cdy (confidence score): Ngoai nhin 16p, bai toan c6 thé cung
cép mot dg tin cay cho két qua dyu doan. biéu nay cho biét mirc d0 tu
tin cua md hinh trong viéc phan loai nong san. Do tin cay thuong
duoc biéu thi duéi dang xac Sut, phén tram hodc diém s.

Dt liéu dau vao va dau ra cua bai toan nhan dién va phan loai nong san

c6 thé duoc tuy chinh dé dap ung cac yéu cau va muc dich cu thé ctia iing dung.

Qua trinh phan loai va nhan dién nong san co6 thé &p dung cho nhiéu muc dich

khac nhau, bao gom:

Danh gia chét lugng nong san: Xac dinh chét lugng, do chin, do bi hu
hong ctia nong san dé dam bao chét luong va giup quyét dinh vé viée tiép
thi va phan phéi san pham.

Phan loai ty dong: Tu dong phan loai cac loai nong san thanh cac nhém



khac nhau dua trén cac dic diém va thudc tinh caa chung.
e Theo ddi va kiém soat san xuat: Giam sat qua trinh san xuat nong san dé
dam bao tuan thi cac tiéu chuan va quy trinh san xuét.
e Nghién ciru va phat trién: Cung céap dit lidu va thong tin dé nghién ctru,
phan tich va phat trién cac phuong phap mdi dé nang cao hiéu suat va
chat lugng ndng san.
1.2 Cac hwéng tiép can va giai quyét bai toan

Bai toan ty dong nhan dang néng san da xuét hién tir 1au va da c6 rat
nhiéu bai béo, cong trinh khoa hoc dugc dua ra nham dé xuit hodc cai tién céc
thuat toan nhan dang. Trong d6, xut hién sém nhat 14 cac phuong phap Xir Iy
anh — Image Processing, cic phuong phap nay tap trung vao phat trién cac
thuat toan nham trich xuét thong tin, vi du cac tham s6 vé mau séc, hinh dang,
két cau, kich thudec..., tir birc anh dau vao dé nhan dang nong san [2, 3]. Do
chi don thuan xur Iy trén mot vai anh dau vao trong khi sy bién thién vé mau
sic, hinh dang, kich thudc... ciia néng san qua phirc tap, két qua dat dugc cta
cac phuong phap nay khong duge cao va pham vi ap dung trén sé luong loai

nong san cling bi han cheé.

Do dai 1on nhat Bwong kinh xich dao
lo'n nhat
Bwong kinh Puwong
lom nhat kinh xich
dao nhé
nhat
(a) (b)

Hinh 1.3: Céc théng tin vé hinh hoc dwoc tinh toan béi cac thuat toan Xir Iy anh
Bt dau tur nhitng nam 2000s, sau khi xuit hién mét bai bai bao khoa

hoc dé xuat ap dung phuong phap Hoc may - Machine Learning - vao bai toan
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nhan dang ndng san véi do chinh xac cao [4], hudng giai quyét bai toan da tap
trung vao tmg dung va cai tién cac thuat toan Hoc may, cu thé 1 nghién ctu,
thir nghiém trich chon céc dic trung phi hop nhét dé dua vao huan luyén b
nhan dang ty dong [5-7]. Két qua thu dugc tuong ddi kha quan, kha nang nhan
dang ndng san tu dong da dugc cai thi¢n véi ) luong loai nbng san dugc mo
rong va do chinh xac ciia nhin dang cao hon nhiéu so voi cic phuong phap
thuan Xt 1y anh ban dau. Néi tiép su phat trién ciia Hoc may, trong nhiing nim
gan day, nho sy phat trién vuot bic vé stic manh tinh toan cla cac may tinh
cling nhu sy bung nd dit liéu trén Internet, mot nhanh dic biét trong Hoc may
la Hoc sau - Deep Learning da dat dugc nhiéu thanh tyu dang ké, dac biét 1a
trong linh vuc Xt Iy anh va ngdn ngir tu nhién. Hoc sau cling da duoc ap dung
rat thanh cong vao bai toan nhin dang ndng san, trong cac thir nghiém véi
pham vi han ché vé s6 lugng loai nong san can nhan dang, phuong phap nay
da dat duoc két qua rat cao. Sau ddy ta s& tim hiéu sau hon vé hai tiép can
chinh hién nay dé giai quyét bai toan nhan dang ndng san noi riéng va nhan
dang vat thé trong anh néi chung: phuong phap Hoc sdu va cac phuong phap

Hoc may truyén théng khong sir dung Hoc sau.

1.2.1 Phwong phdp Hoc may truyén thong

Hoc may 1a mét linh vuc cua tri tu¢ nhan tao, nghién ctru vé viée phat
trién cac thuat todn va mo hinh dé gitp mdy tinh c6 kha ning hoc héi va cai
thién hiéu suét trong viéc giai quyét cac van dé. Hoc may c6 thé duoc ap dung
dé giai quyét cac bai toan trong nhiéu linh vuc khac nhau nhu thi giac may tinh,
xtr Iy ngdn ngit ty nhién, truy van thong tin, didu khién robot va phan tich dir
liéu.

Trong hoc may, cac thut toan va mo hinh duoc phat trién dé tim ra cac
mau va quy luat trong dir li€u. biéu nay duogc thuc hién b?mg cach cung cép

cho may tinh mot tap dit liéu dau vao va cho phép no hoc tir d6. Sau khi dugc
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huan luyén, mo hinh hoc may sé c6 kha nang du dodn két qua cho cac dir liéu

moi dua trén kién thirc da hoc duoc tir dit liéu huan luyén[8].

Céc phuong phap hoc mdy truyén thdng bao gom:

> Hoc gidm sdt (Supervised Learning): Pay 1a phuong phap hoc may phd

bién nhat, trong d6 mo hinh dugc huan luyén véi dir ligu da dugce gan

nhan.

» Hoc khong giam sat (Unsupervised Learning): Phuong phap nay duogc

st dung khi khong ¢6 dir liéu duoc gan nhan.

» Hoc ban giam sat (Semi-supervised Learning): Pay la mot phuong phap

hoc méy két hop giita hoc giam sat va khong giam sat. N6 sir dung cac

dir liéu gan nhan va khong gén nhan dé tao ra mot mo hinh hoc may.

» Hoc tang cuong (Reinforcement Learning): Day 1a mét phuwong phap hoc

may st dung dé giai quyét cac van dé li€én quan dén viéc to1 uu hoa mot

hanh dong dé dat dugc mot muc tiéu nhat dinh.

.

Training Stage

Training |

Feature Extraction

-

i Feature

/ Training j

/

b

Prediction Stage

New

N

’ Data \ ;\

Feature Extraction

. l Prediction
results

Predict

o

Hinh 1.4: M6 hinh hoat dgng chung ciia cac phwong phap Hoc may

Trong qué trinh hoc mdy (hinh 1.4), huan luyén va thir nghiém 13 hai

giai doan quan trong dé x4y duyng mot mé hinh hoc méay chat luong.
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Huén luyén (Training) 14 qua trinh tao ra mot mo hinh hoc may tur dit
liéu huan luyén. Trong giai doan nay, mé hinh hoc may dugc huan luyén thong
qua viéc tdi uu hoa cac tham sd cua no. Qua trinh nay co thé duge thuc hién
bang cach st dung céc thuat toan nhu Gradient Descent, Stochastic Gradient
Descent, hodc Adam Optimizer.

Sau khi hoan thanh giai doan huin luyén, thtr nghiém (Testing) s€ duoc
tién hanh dé dénh gia hiéu suét ciia mo hinh. Giai doan nay c6 thé duoc thuc
hién bang cach sir dung tap dir liéu kiém tra hodc tap dir liéu danh gia. Qua
trinh nay s€ danh gia kha nang du doan cua mo hinh trén dir liéu mé1 ma chua
duoc sir dung trong qua trinh huan luyén.

Ngoai ra, dé dam bao hiéu sut ctia mo hinh, co thé st dung mot $6 ky
thuat nhu cross-validation hodc holdout validation dé chia tap dir licu huan
luyén va kiém tra va danh gia hiéu suat cia mé hinh trén cac tap dit liéu khac
nhau. Tu két qua cua giai doan thir nghiém, co thé tinh chinh va cai tién mé
hinh hoc may dé dat duoc hiéu suét tot hon.

Dbi v6i mdi giai doan ctia hoc may déu c6 hai thanh phan quan trong do
nguoi xu 1y bai toan thiét ké: Trich chon dic trung va Thuat todn phan loai. Ca
hai thanh phan nay déu anh hudng truc tiép dén két qua cua bai toan. Thiét ké
hai thanh phan nay doi hoi nguoi thiét ké phai c6 kién thirc chuyén mén va
hiéu 5 dic diém cua bai toan. Ngoai ra, vi¢c thiét ké can than va tén nhiéu
thoi gian ciing rat quan trong dé dat duoc két qua tot nhat. Khi thiét ké trich
chon déc trung va thuat toan phan loai, nguoi thiét ké phai xem xét cac yéu tb
nhu tinh hi¢u qua, tinh kha dung, d6 chinh xac, kha nang m¢ rong va do phtrc
tap tinh toan cua cac thanh phan.
1.2.1.1. Trich chon dac trung

Trich chon dac trung (Feature Engineering hoac Feature Extraction) la

qua trinh lya chon va trich xuét cac dic trung quan trong va pht hop nhat dé
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md ta dit liéu dau vao trong qua trinh hoc may. Cac dic trung nay c6 thé 1a cac
thong tin truc tiép ttr dit 1iéu nhu d6 dai, chiéu rong, mau séc, cuong do, hoac
dugc tao ra thong qua céac ky thuat phan tich dir li¢u phuc tap hon nhu PCA
(Principal Component Analysis) va LDA (Linear Discriminant Analysis).

Viéc trich chon dic trung 1a rit quan trong trong qua trinh hoc may vi
n6 c6 thé giup giam chiéu dit liéu va tang tinh hiéu qua cia mo hinh hoc may.
Véi dir liéu c¢6 sb chiéu 16n, viéc giam chiéu s& gitp giam thoi gian tinh toan,
tang do chinh xac ctia mo hinh va giam kha nang overfitting.

Ngoai ra, viéc trich chon dac trung con gilp cai thién tinh kha dung cua
mo hinh bdi vi nhitng ddc trung quan trong dugce lua chon s€ giip mo hinh co
thé du doan két qua chinh x&c hon. Cac k¥ thuat trich chon dac trung phé bién
bao gdm PCA, LDA, Feature Scaling, Principal Coordinate Analysis (PCoA),
t-SNE (t-Distributed Stochastic Neighbor Embedding), va chiéu twong quan
(Correspondence Analysis).

Tuy nhién, viéc trich chon dic trung cling c6 mot s6 han ché. Mot trong
nhitng han ché d6 1a viéc lya chon sai dic trung c6 thé dan dén két qua sai hodc
khong chinh xac trong qua trinh hoc may. Hon nira, viéc trich chon dac trung
phtic tap c6 thé dan dén ting thoi gian tinh toan va khé khan trong viéc hiéu
va giai thich két qua ctia mo hinh hoc may.

Do do, viéc thiét ké mot qua trinh trich chon dic trung tdt 1a rat quan
trong dé dat duoc két qua tét nhat trong qua trinh hoc may.
1.2.1.2. Thudt toan

Thuat toan phan loai 1a mot trong nhirng thuat toan co ban cia hoc may,
n6 dugc sir dung dé phan loai dir liéu vao cac nhom khac nhau dya trén céc
dac trung cua ching.

Céc thuat toan phan loai co thé duoc chia thanh hai loai chinh:

» Supervised learning algorithms: Pay la cac thuat toan phan loai
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dugc str dung dé huan luyén mo hinh tr cac tap dit liéu c6 nhan.
Céc tap dit liéu nay bao gdm céac dic trung va nhin twong Gng cla
chung. Céc thuit todn phan loai dugc st dung trong supervised
learning bao gom: Logistic Regression, Decision Tree, Random
Forest, Naive Bayes, Support Vector Machine (SVM), Neural
Networks, K-Nearest Neighbor (KNN) va Gradient Boosting.

» Unsupervised learning algorithms: Pay la cac thuat toan phan loai
duoc st dung dé phian nhém dir liéu ma khong cé thong tin vé
nhan trude do.

Céc thuat toan phan loai dugce stir dung trong unsupervised learning bao
gom: K-means, Hierarchical Clustering va Density-Based Spatial Clustering
of Applications with Noise (DBSCAN). Céc thuat toan phan loai dugc st dung
trong hoc may co thé duoc lua chon dya trén loai dir liéu va muc tiéu cta bai
toan. Vi du, cac thuat toan nhu Naive Bayes va SVM thuong dugc st dung dé
phan loai van ban trong cac bai toan xu 1y ngdn ngit tu nhién, trong khi cac
thuat toan nhu K-means va Hierarchical Clustering thuong duoc st dung dé
phan nhom cac diém dir liéu trong khong gian da chiéu.

1.2.2 Phwong phdp Hoc sau

Hoc sau (deep learning) 1a mot 1inh vuc cua tri tu¢ nhéan tao (Al) lién
quan dén viéc str dung mot mang ludi no-ron nhan tao (artificial neural
network) dé hoc va trich xuét cac dic trung tir dir liéu dau vao. Phuong phap
hoc sau da dat duoc nhiéu thanh cong dang ké trong cac linh vuc nhu xu 1y
ngdn ngit ty nhién, thi gidc may tinh va nhan dang giong néi. Mdi quan hé giita
Hoc sau véi Hoc may cling nhu céc linh vuc 1ién quan khac qua hinh anh mo

t4 bén dusi (Hinh 1.5) [10]:
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Tri théng minh
nhan tao

Khai pha di liéu

Khoa hoc dir lieu

Dir liéu 1&n

Hinh 1.5: Méi quan hé ciia Hoc sau véi cac linh vuc lién quan
Céac phuong phap hoc siu bao gdm nhiéu 16p no-ron dugc két ndi véi
nhau dé tao thanh mot mang ludi no-ron sau(Deep Neural Network). Mdi 16p
no-ron dong vai tro trich xuat cac dic trung tir dir liéu déu vao, va cac 16p nay
duoc két hop voi nhau dé tao ra mot mo hinh hoc sau c¢6 kha nang tu dong hoc

va cai thién (xem Hinh 1.6).

A LA TN ALV VP
N, MUINSSNT s

Hinh 1.6: Mirc dé triru twong ting dan qua cac tang hoc cia Hoc sau [11]

Céac phuong phap hoc sau thudng duoc huan luyén thong qua mot qué

trinh t8i wu hoa tham sd, vi du nhu sir dung thuat toan lan truyén nguoc
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(backpropagation) dé diéu chinh trong s ctia cac lién két giira cac no-ron trong

mang ludi. Piéu nay giup tang do chinh xac va hi¢u suat cia mo hinh.

Mot sb kién trac mang ludi no-ron phd bién trong hoc sdu bao gdm:
mang no-ron tich chap (convolutional neural network), mang no-ron hdi quy
(recurrent neural network), mang no-ron tu hoc (autoencoder) va mang no-ron

dbi nghich (generative adversarial network).

Hoc sau doi hoi khoéi lugng dir liéu 16n va tinh todn manh m€ dé huan
luyén mo6 hinh hi€u qua. Vi vay, né dugc st dung pho bién trong cac ing dung

c6 quy mo 16n nhu nhén dang hinh anh va xtr Iy ngén ngi tu nhién.

Mac du hoc sau la mdt cong nghé tuyét voi va dang ngay cang dugc ap
dung rong rai trong nhiéu linh vuc khac nhau, nhung van ton tai mot s6 han

ché, bao gom:

> S6 lugng dit liéu 16n: Mo hinh hoc sau yéu cau mot luong dit licu 16n
dé dao tao. Néu khong du dit liéu, mo hinh co6 thé bi qua khdp hoic
khong du kha nang chinh xac.

> Kho hiéu va giai thich: M6 hinh hoc sau c6 thé dat dugc hiéu qua tot,
nhung cach thirc hoat dong ctia nd thudng khé hiéu va kho giai thich,
dic biét 1a d6i voi cac mé hinh phic tap.

> Cau hinh phan ctg: DPé dao tao cdc mo hinh hoc siu phirc tap, can st
dung phan ctimg manh nhu GPU hodc TPU, diéu nay co thé giy ra chi

phi cao va kho ti€p can doi véi cac nha nghién ctru va doanh nghié€p nhd.

> Overfitting: Hoc sau ¢ thé bi overfitting néu mé hinh qua phuc tap va
khong c6 du dir li¢u dao tao. Overfitting 1a khi mé hinh chi hoc cach
phan loai cac diém dit liéu trong tap dao tao ma khong thé tong quéat hoa

cho dir liéu moi.
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> Khong thé xu Iy dir liéu bi thiéu sot: M6 hinh hoc sau khong thé xu Iy
dit lidu bi thiéu sét hogc dit liéu khong chinh x4c. Vige chuan bj dit lidu
tén nhiéu thoi gian va cong strc dé dam bao tinh chinh xac cia dir liéu.
> Kha niang chéng lai tan cong: Mo hinh hoc sau co thé bi tin cong bang
cac k¥ thuat tAn cong mai nhu 1a tAn cong pha hoai, chén dir liéu, Itra

dao...

» Van dé dao dire: Hoc siu co thé duge sir dung dé sinh ra nhitng san
pham hoic dich vu ma co thé gay hai cho con ngudi, vi du nhu ty dong

sinh ra théng tin gia, xdm pham quyén riéng tu, tao ra vii khi tw dong...

Trong vi du Hinh 1.7, ta ¢6 thé nhan thay su vo 1y trong birc anh vé qua
ta hai dau ma mang Hoc sau tao ra sau khi dugc huén luyén véi hang loat anh
mau. Birc 4nh c6 chira cic phan anh vé canh tay con ngudi, 1a thanh phan
khong phai thudc vé qua ta. Viéc hinh anh canh tay xuat hién trong phan 1én

cac anh mau da dan dén sy nham lan cia moé hinh du dodn nay.

Hinh 1.7: Biic anh qua ta hai dau sinh ra bai md hinh du do4n Hoc sau

Pdi voi bai toan nhan dién va phan loai hinh anh, hoc sau da dat duoc
nhimg thanh tyu dang ké va tré thanh mot trong nhitng phuong phap phd bién
nhat. Tuy nhién, n6 ciing c6 nhitng wu nhuoc diém riéng so v4i cac mod hinh
nhan dién va phan loai hinh anh khac. Dud1 day 1a sy so sanh vu nhugc diém

cua hoc sau vé1 cac mo hinh khac:
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Uu diém cua hoc siu:

- Hiéu suét cao: Hoc siu thuong dat duoc két qua rat tot trong viéc nhan
dién va phan loai hinh anh, dac biét 1a trong cac nhiém vu phuc tap va
luong dir li€u 16n.

- Ty hoc dic trung: Véi hoc sdu, mo hinh c6 kha ning hoc va trich xuét
cac dac trung tu dong tur dit 1i€éu ma khong can phai dinh nghia céac dac
trung tha cong. Diéu nay giup giam cong stc va chi phi cua viéc chuan
bi dir liéu.

- Mo rong va tai st dung: Cac mo hinh hoc sau co thé dugc mo rong va
tai sir dung dé giai quyét nhiéu bai toan khac nhau trong linh vuc nhan
dién va phan loai hinh anh.

Nhuoc diém cta hoc siu:
- Yéu cau lugng dir 1i€u 16n: M6 hinh hoc sau thuong can mot luong di
liéu huan luyén 16n dé dat duoc hiéu suat tot. Néu dit liéu huén luyén co
kich thudc nho, md hinh c6 thé bi overfitting va khong hoat dong tbt trén
dir liéu mai.
- Yéu cau tinh toan cao: Dé huan luyén va stt dung mo hinh hoc sau, can
c6 ngudn tai nguyén tinh toan manh mé, dic biét 1a khi mé hinh c6 kich
thudce 16n hoac duoc ap dung trong thoi gian thyc.
- D2 bi anh hudng boi nhidu: M6 hinh hoc sau ¢ thé bi anh hudng boi
nhiu trong dit 1iéu huan luyén hodc khong chinh xac néu dir liéu khong
duoc chan doan hodc tién xu 1y dung cach.
1.3 Thanh twu cia phwong phap Hoc sau trong cac linh vuc

Hoc sau (deep learning) da dat dugc nhiéu thanh tuu quan trong trong
cac linh vuc khac nhau, bao gém:
Phan tich ngir nghia van ban

Xu 1y ngdn nglr ty nhién (Natural Language Processing - NLP) 1a mét
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linh vuc cua khoa hoc may tinh va tri tué nhan tao lién quan dén viéc gitp may
tinh hiéu va x\r Iy ngdn ngit tu nhién ctia con nguoi. Ngon ngit tu nhién 1a cac
ngdn ngit dugc st dung boi con ngudi dé giao tiép voi nhau, vi du nhu tiéng
Anh, tiéng Viét, tiéng Phap,... Hoc sau da dat dugc nhiéu thanh tyu trong viéc
xtr Iy ngdn ngit ty nhién (NLP), bao gom:

> M6 hinh ngén ngit: Hoc sdu dd giup phat trién cac mo hinh ngdn ngit
nhu BERT, GPT-3, XLNet, Transformer,... cAc md hinh nay da gitp
nang cao dang ké kha ning hiéu va phan hoi lai ngdn ngit ty nhién cia
may tinh.

» Dich may: Hoc sau da cai thién dang ké kha nang dich may, dac biét 1a
trong cac bai toan dich may ty dong sir dung mo hinh Neural Machine
Translation (NMT). Cac md hinh dich may nay c6 thé tu dong hoc dugc
tir cac ban dich trude d6 dé cai thién kha nang dich cua chung.

» Phan tich cam xuc: Hoc sau da giap cai thién kha nang phan tich cam
xuc to van ban. Vi dy, cic m6é hinh nhu LSTM (Long Short-Term
Memory) ¢6 thé phén tich cac doan van ban dé xac dinh cam xtic cua
nguoi viét.

> Phan loai van ban: Hoc sau ciing dd duoc str dung dé phat trién cac mo
hinh phan loai van ban, nhu phan loai thé loai cua mét cudn sach hay
phan loai céc tin tirc theo chu dé.

» Tao van ban: Hoc sau ciing da duoc st dung dé tao ra van ban tu dong,
bao gdm ca cac md hinh sinh vin ban (text generation) va tom tit vin
ban (text summarization).

Y hoc
Hoc sau da gitp cai thién nhiéu khia canh trong linh vuc y hoc, dong thoi
cung cip nhiéu tiém ning cho viéc nghién ciru va phat trién cac phuong phap

chan doan va diéu tri bénh. Hoc sau dang dugc st dung trong nhiéu tmg dung
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trong linh vuc y hoc, bao gom:

> Diéu tri ung thu: Hoc sau da dugc str dung dé phat hién va phan loai ung
thu tir cac hinh anh y khoa nhu CT scan va MRI. N¢6 cling da dugc su
dung dé phat hién cac dau hiéu ctia ung thu qua viéc phan tich cac hinh
anh va video y khoa.

» Du doan bénh: Hoc sau da duogc sir dung dé phan tich dir liéu 1am sang
va du doan cac bénh, bao gém bénh tim mach, tiéu duong va bénh
Alzheimer.

> Sinh hoc phan tir: Hoc sau da dugc sir dung dé phan tich dit liéu gen va
dir lidu protein dé tim kiém céc twong tac giita chung, dong thoi ciing
dugc sir dung dé phan loai va du doan cac hop chat duoc pham tiém
nang.

» Phat hién di tat thai nhi: Hoc sau da dugc sir dung dé phat hién di tat thai
nhi qua viéc phan tich cac hinh anh siéu 4m va cung cap thong tin hitu
ich cho cac béc si dé dua ra quyét dinh chan doan va diéu tri.

» Dich tu dong cho y hoc: Hoc sau da duoc st dung dé phat trién cac hé
thng dich tu dong cho y hoc, gitip cac bac si va nha nghién ctru c6 thé
truy cap thong tin y khoa tir cic ngudn truc tuyén va cdc tai liéu viét bang
cac ngon ngir khac nhau.

Tai chinh
Trong linh vuc tai chinh, hoc sau c6 thé duoc st dung dé giai quyét nhiéu
van dé khac nhau, bao gdm:

» Du bao gia chirng khoan: Hoc sau co thé duoc st dung dé dy bao gia
ching khoan va xu hudng thi truong. N6 c6 thé gitip cac nha dau tu dua
ra cac quyét dinh dau tu thong minh va cai thién hiéu suét dau tu.

> Phat hién gian 14n tai chinh: Hoc sdu c6 thé duoc str dung dé phat hién

gian 1an tai chinh bang cach phan tich cac giao dich va giao dich khong
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hop 18 trong cic ngan hang va t6 chuc tai chinh.
> Quan 1y rui ro tai chinh: Hoc sau c6 thé duoc sir dung dé phén tich va
danh gia rui ro tai chinh trong cac hoat dong kinh doanh. N6 ¢6 thé giap
cac t6 chtrc tai chinh quan 1y rdi ro va giam thiéu cac rdi ro tiém an.
» Du bao khach hang: Hoc sau cé thé duoc sir dung dé phan tich dir li¢u
khach hang va dy bao hanh vi khach hang. N6 c6 thé gitp céac td chirc
tai chinh dua ra cac chién luogc tiép thi va quang céo hiéu qua hon.
» Xurly tai chinh tu dong: Hoc sau co thé duoc st dung dé tu dong hoéa cac
quy trinh tai chinh nhu quéan 1y danh muc dau tu va xir Iy thanh toan. N6
c6 thé gitp cac to chuc tai chinh tdi wu hoa hiéu suat va giam thiéu sai
sot.
Tuw dong lai xe

Nho vao kha nang xtr Iy va phan tich dir liéu phuc tap, hoc sau da giup
cho céc hé thong ty dong 14i xe ngdy cang hoan thién va an toan hon. Dudi day
1a mot s6 thanh tyu caa hoc sau trong linh vuc nay:

» Nhan dién va phan loai doi tuong: Hoc sau da gitp cho cac hé théng tu
dong lai xe co thé nhan dién va phan loai doi tuong trén duong nhu xe
hoi, nguoi di bd, dén giao théng, v.v. Tir d6, hé thdng co thé dua ra quyét
dinh 141 xe an toan hon.

> Tu dong 14i xe trén dudng cao tdc: Cac cong nghé tu dong 1ai xe dwa trén
hoc séu da duoc trién khai trén duong cao tdc. Nho vao cac cam bién va
mo hinh hoc sau, hé thong co thé tw dong dicu khién tdc do, gilr khoang
cach an toan vdi cac phuong tién khac va duy tri lan duong.

> Hé thong phat hién va cham: Hoc sau da duoc st dung dé xay dung cac
hé thdng phat hién va cham va tranh va cham trong céc tinh hudng nguy
hiém. Cac mo hinh hoc sdu c6 thé phan tich dit liéu tir cac cam bién va

dua ra quyét dinh 14i xe phu hop.
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> Tu dong l4i xe trong thanh phd: Hoc sau ciing dang dugc str dung dé phat
trién cac hé théng tu dong 1ai xe trong thanh phé. Tuy nhién, day 1a mot
thach thirc 16n do phai d6i mat voi nhiéu yéu t6 khac nhau nhu dong duc,
duong phd hep, dén giao thong phirc tap, v.v.

> Hé thdng du bao tinh hudng giao théng: Hoc sau ciling c6 thé duogc sir
dung dé phat trién cac hé thdng du bao tinh hudng giao théng trén duong.
Cac md hinh hoc sau c6 thé phan tich dit liéu giao thong va dua ra du
bao vé cac tinh hudng kho khan trén duong, gitip cho hé thong ty dong
lai xe co thé dua ra quyét dinh phu hop.

Thi giac may tinh
Duéi day 1a mot s6 tng dung cta hoc sau trong thi gidc may tinh:

» Nhan dién khuon mat: Hoc sau da dugc sur dung dé phat trién cac hé
théng nhan dién khuén mat, bao gém nhan di¢n va phan loai khuén mat
trong cac buc anh hoac video.

» Nhan dién vt thé: Hoc sau dugc sir dung dé phat trién cac hé théng nhan
dién vat thé, bao gdm phan loai cac vat thé trong anh hodc video, ciing
nhu x4c dinh vi tri va dudng vién cua ching.

> Phat hién va theo doi dbi tuong: Hoc sau dugce stir dung dé phat trién cac
hé thong phat hién va theo ddi d6i twong trong cac hinh anh hoic video,
cho phép may tinh ty dong xac dinh vi tri va di chuyén cta cac d6i tuong.

> Ting cuong anh: Hoc siu duogc sir dung dé phat trién cac hé théng ting
cuong anh, gitip cai thién chat lugng va do phan giai ctia cac hinh anh.

» Tao anh va video méi: Hoc sau dugc st dung dé phat trién céc hé théng
tao ra anh va video méi, bao gom tao ra cic anh ghép va anh dong.

Vi nhitng li do trén, hoc siu 1a phuwong phap can thiét dé giai quyét bai toan

nhan dién va phan loai néng san cia luan van va muc tiéu nghién ctru cta

chuong 2.
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1.4 Két luan chwong

Nhu da trinh bay trong phan mé dau, muc dich cta luan van 14 tim hiéu
va irng dung mot mo hinh Hoc sdu vao bai toan nhan dang, phéan loai nong san,
nguyén nhan chinh khién Hoc sau dugc chon 1am giai phap 1a boi kha niang
manh mé& vuot troi cia nd déi voi cac phuong phap Hoc may truyén thong khi
ap dung vao cac bai todn nhan dang vat thé, trong do vat thé 1a cac ddi tuong
rat kho chon loc dic trung phit hop, cu thé voi truong hop nay 1a cac nong san.
bPé chimg minh cho nhan dinh nay, luan van da thuc hién phép so sanh do
chinh x4c cua hai mo6 hinh nhan dang, dugc huan luyén lan luot boi hai phuong
phap trén voi cung bo dit liéu dau vao. Két qua cu thé s& duoc trinh bay trong

Chuong 3 — Két qua thuc nghiém va Panh gia.
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CHUONG 2. PHUONG PHAP NHAN DIEN, PHAN LOAI
NONG SAN
2.1M6 hinh mang noron tich chap

Mang no ron tich chip (Convolutional Neural Network - CNN) 1a mdt
kiéu mang no ron sir dung cho viéc xtr Iy anh va 4m thanh véi d6 chinh xéc rat
cao, thAm chi con tdt hon con ngudi trong nhiéu trudng hop. M6 hinh nay da
va dang duoc phat trién, img dung vao cac hé théng xur Iy anh 16n ctia Facebook,
Google hay Amazon... cho cac muc dich khac nhau nhu cac thuét toan tagging
tu dong, tim kiém anh hodc goi y san pham cho ngudi tiéu ding.

Mang no ron tich chap (CNN) dugc phat trién tir nhitng nim 1980 va
1990, khi cac nha khoa hoc nhu Yann LeCun, Yoshua Bengio va Geoffrey
Hinton d3 dua ra cac ¥ tuong dau tién vé kién trac mang no ron tich chap. Tuy
nhién, vao thoi diém d6, cong nghé chua du tién tién dé trién khai mo hinh nay
v6i hiéu suat cao. Sau d6, vao nhimg ndm 2010, viéc phat trién cong nghé GPU
(Graphics Processing Unit) di gitp cho viéc huin luyén mang CNN tré nén
nhanh hon dang ké. Bén canh d6, su ra doi cia cac bo dit liéu 16n nhu ImageNet
cling d gitip cho mang CNN tré nén pho bién hon.

Mang CNN d3 dat dugc nhiéu thanh céng trong cac linh vuc nhu nhan
dang anh, nhan dang giong noi, xtr Iy ngdn ngir ty nhién va tré thanh mot trong
nhimg mo hinh nbi tiéng nhét trong linh vuc tri tué nhan tao. Hién nay, cac
kién traic CNN nhu VGG, ResNet, Inception va EfficientNet dugc sir dung
rong rai trong cac tng dung thyc té.

Cac 16p co ban trong mot mang CNN bao gém: Lép tich chap
(Convolutional), Lép kich hoat phi tuyén ReLU (Rectified Linear Unit), Lop
lay mau (Pooling) va Ldp két ndi day da (Fully-connected). Trong mét sd

truong hop, cac 16p nay c6 thé duoc xép chdng 1én nhau dé tao thanh mot kién
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trac mang phtic tap hon. Vi du, mot moé hinh CNN thong thuong cé thé bao
gdm nhiéu 16p tich chép, 16p kich hoat va 16p tong hop, trude khi két thiic bang

cac 16p két nd1 day du va dau ra.

Sfoh
Ot O
O A0
o Ot
| ]
Cac I&p Convolutional (nhan chép) va Pooling (Idy  Cac I&p Fully-connected Phan loai
mau) (k&t ndi day du) )

Hinh 2.1: Kién tric co ban cia mdt mang tich chap
- Lop tich chap:

Lép tich chdp (convolutional layer) 1a mot 16p quan trong trong kién
tric cua mang no-ron tich chap (CNN). Lop tich chdp giup mang CNN trich
xuat cac dic trung tir dir liéu dau vao bang cach st dung cac bo loc (filters) dé
quét (convolve) qua cac vung cua dit ligu.

MJi bo loc 1a mot ma tran sé duogc ap dung 1én cac ving cua dit liéu dau
vao. Qua trinh nay tao ra mot ban dd dic trung (feature map) méi bang cach
tinh todn tich vo hudng giira cac gia tri trong bo loc va cac gia tri trong vung
cta dit lidu dau vao duoc quét. Piéu ndy giup giam kich thudce coa dit lidu va
tang cudng tinh dic trung cua cac dic trung duogc trich xuét.

Ngoai ra, cac tham s6 nhu d6 sau (depth), budc nhay (stride), va do 1&
(padding) ciing anh hudng dén cach ma 16p tich chap hoat dong va cach ma
dau ra duoc tinh toan. Tuy nhién, cac gia tri nay thuong duoc thiét lap mac
dinh cho mot sd kién traic mang CNN thong dung nhu VGG, ResNet va

Inception.
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Cac diém anh géc

Bé loc tich chap

Gia tri diém anh moi

Hinh 2.2: Vi du b lgc tich chap dwoc sir dgng'irén ma tran diém anh

Trong vi du ¢ Hinh 2.2 [12], b6 loc dugc stir dung 1a mot ma tran c6 kich
thude 3x3. Bo loc nay duoc dich chuyén lan luot qua tung vung anh dén khi
hoan thanh quét toan bd bilrc anh, tao ra mot burc anh maéi ¢6 kich thude nho
hon hodc bang véi kich thudc anh dau vao. Kich thuédc nay duge quyét dinh
tiy theo kich thudc cac khoang tring dugc thém & vién btc anh gdc va duoc
tinh theo cong thuc (1) [13]:

i+2xp—k

0= ———" +1 W

Trong do:
- 0: kich thu6c anh dau ra

1: kich thudc anh dau vao

p: kich thuéc khoang trang phia ngoai vién ciia anh goc
k: kich thudc bo loc

s: budc truot cua bd loc
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Hinh 2.3: Truong hop thém/khong thém vién tring vao anh khi tich chap

Nhu vay, sau khi dua mot birc anh dau vao cho 16p Tich chap ta nhan
duoc két qua dau ra 1a mot loat anh tuong ung voi cac b loc da duogc stir dung
dé thuc hién phép tich chap. Cac trong s6 cua cac bo loc nay duge khdi tao
ngiu nhién trong lan dau tién va s& dugc cai thién dan xuyén sudt qué trinh
huén luyén.

- Lép kich hoat phi tuyén ReLU:

Lop kich hoat phi tuyén ReLU (Rectified Linear Unit) 1a mot 16p quan
trong trong cac mang no-ron, ddc biét la trong mang no-ron tich chap (CNN).
ReLU duoc st dung dé kich hoat cac no-ron trong cac 16p tich chap va két ndi
dﬁy du cua mang. Ham kich hoat ReLU duoc dinh nghia bﬁng cach dat dau ra
clia cic no-ron c6 gia tri nhé hon 0 bang 0, va giit nguyén gia tri dau ra cua
cac no-ron c6 gia tri 1on hon hodc béng 0. Cu thé, ham ReLU duoc dinh nghia
nhu sau:

f(x) =max(0, x) (2)

Trong d6, x 13 gia tri dau vao cia mdt no-ron, va f(x) la gia tri dau ra

ctia ham ReLU. Ham ReLU 12 mot ham phi tuyén tinh va kha don gian dé tinh
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toan.

Céc uu diém cua ham ReLU 1a né cho phép mang hoc dugc nhanh hon
bang cach tranh hién tugng gradient bién mat (vanishing gradient) trong qué
trinh lan truyén ngugc. Ngoai ra, ReLU ciing gitip giam thiéu cac van dé lién

quan dén overfitting va ting toc qué trinh héi tu ciia mo hinh.

Tuy nhién, ham ReLU ciing c6 mot s6 nhuoc diém, chéng han nhu vin
dé ctia cac no-ron chét (dead neurons), khi cac no-ron ¢ gia tri dau vao nho
hon 0 s€ khong duoc kich hoat va khong thé hoc duoc gi thém. Pé khic phuc
van dé nay, cac bién thé cia ham ReLU, chang han nhu Leaky ReLU va
PReLU, da duoc dua ra.

- Lép lay miu:

L6p lay mau (pooling layer) 1a mot 16p quan trong trong mang no-ron
tich chap (CNN). Lép nay thuong duoc st dung dé giam kich thudc cua ban
d6 dic trung (feature map) va giam thiéu overfitting. Céc loai 16p ldy miu
thudng duoc sir dung trong mang CNN bao gom:

> Lép lay miu tdi da (max pooling layer): 16p nay s& chon gia tri 16n nhat
trong mot viing ctia ban do dic trung va giit lai gia tri do, bo qua cac gia
tri khac trong ving d6. Vi du, néu kich thudc cua ving 1a 2x2, 16p ldy
mau tdi da s& chon gia tri I6n nhat trong moi ving 2x2 va tao ra mot ban

dd dic trung méi co kich thude giam di mot nira.

> Lép lay mau trung binh (average pooling layer): 16p nay tinh trung binh
cong cac gia tri trong mdt ving cua ban do dic trung va gitr lai gia tri
d6. Tuong tu nhu 16p 1dy mau téi da, 16p 1y mau trung binh ciing giam
kich thudc ctia ban dd dic trung.

> Lép lay mau thong ké (statistical pooling layer): 16p nay tinh toan cac

gia tri thong ké (vi du nhu phuong sai) cua cac gia tri trong mot ving
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clia ban d6 dic trung va giit lai gia tri do.

Lép 1ay miu thuong duge str dung sau 16p tich chap dé giam kich thudce
ctia ban d6 dic trung va giam sb luong tham sb ctia mo hinh. Tuy nhién, viéc
st dung 16p ldy mau ciing c6 thé gay mat thong tin, do d6 cin can nhic dé dat
dugc sy can bang gilta viéc giam kich thudc va giir lai thong tin quan trong.

Hinh 2.4 thé hién cac phuong thirc ldy mau thudng duoc st dung nhat
hién nay, d6 1a Max Pooling (ldy gié tri diém anh 16n nhat) va Avarage Pooling

(lay gia tri trung binh ciia cac diém anh trong ving anh cuc bo) [14].

21| 8|8 |12|
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Hinh 2.4: Phwong thirc Avarage Pooling va Max Pooling

Nhu vay, véi mdi anh dau vao dugc dua qua léy mau ta thu dugc mot
anh dau ra tuong tng, c6 kich thudc giam xudng dang ké nhung van gitr duge
cac dic trung can thiét cho qua trinh tinh toan sau nay.

- Lép két noi day du:

L6p két ndi day du nay duoc thiét ké hoan toan tuong ty nhu trong mang
no-ron truyén thong, tirc 13 tat ca cac diém anh dugc két ndi day du voi node
trong 16p tiép theo. Lop nay thuong duge sir dung dé két nbi cac ban do dic
trung (feature maps) tir 16p tich chap va 16p 14y mau voi nhau dé tao thanh mot
dau ra.

Lop két ndi1 day du s€ két noi moi neuron trén 16p nay véi tat ca cac
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neuron trén 19p trude nod, tao ra mot ma tran trong sd dy du (fully connected
weight matrix) va mot vector bias cho mdi neuron. Céc trong s6 va bias ndy s&
duoc hoc thong qua qua trinh lan truyén ngugc (backpropagation) trong qué
trinh huan luyén mé hinh. Lép két ndi ddy du thuong dugc sir dung dé phan
loai anh hodc nhan dang ddi tuong trong mang CNN. Sau khi cac ban do dic
trung da duoc trich xudt tir anh dau vao thong qua céc 16p tich chap va 16p lay
mau, 16p két ndi day du s& dua ra cac du doan cho 16p dau ra.

Tuy nhién, 16p két ndi day du ciing c6 mot s6 han ché, bao gdm sd luong
tham s6 16n va dé gay overfitting. Do d6, trong mot s6 kién traic CNN hién dai,
thay vi sir dung 16p két nbi day du & cudi cing ctia md hinh bang viée st dung
cac 16p két ndi thua (sparse connection layers) hodc cac 16p két néi dic trung
(feature pooling layers) dé giam s lugng tham s va cai thién d6 chinh xac
cua mo hinh.
2.2Cé&c m6 hinh CNN phé bién
2.2.1. Faster R-CNN (2016)

Faster R-CNN (Faster Region-based Convolutional Neural Network) la
mot md hinh object detection (phat hién dbi tuong) phd bién trong deep
learning. N6 duoc gidi thiéu boi Shaoqing Ren, Kaiming He, Ross Girshick va
Jian Sun vao nam 2015.

Piém khac biét chinh cua Faster R-CNN so v&i cac md hinh trude do 1a
viéc st dung mot mang neural riéng biét goi la Region Proposal Network (RPN)
dé tao ra cac khu vuc dé xuét (region proposals) cho viéc phat hién déi tuong.
RPN sur dung mot mang CNN dé dua ra cac khu vuc c6 thé chira ddi tuong
trong anh dau vao, thay vi viéc str dung cac phuong phap dit dau vét (sliding

window) va cac thudt toan t61 uu hoda dé tao ra cac khu vuc dé xuat.
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Hinh 2.5: Kién tric mo hinh Faster R-CNN [18].
Kién trtc ctia Faster R-CNN [18] bao gom:

> Backbone network (mang goc): duoc sit dung dé rat trich dic trung tir
hinh anh dau vao. Thuong 1a mot mang CNN duoc huan luyén trudce do,
ching han nhu VGG, ResNet, hoic Inception.

» Region Proposal Network (RPN): mot mang neural riéng bi€t dugc st
dung dé tao ra cac khu vuc dé xuét cho viéc phat hién ddi tuong. RPN
str dung cac tinh ning duoc trich xuét tir mang CNN trich xuét dic trung
dé du doan cac khu vuc dé xuit chia ddi tuong.

> Region-based CNN (R-CNN): mot mang CNN dic biét duge str dung dé
phat hién va phén loai cac ddi tugng trong anh. Sau khi c6 dugc cac khu
vuc dé xuét tir RPN, chung dugc dua vao mang R-CNN dé tao ra cac du
doan cho ting 16p d6i tuong.

2.2.2 Lop cac m6 hinh hg YOLO

Yolo (You Only Look Once) 12 mot ho cac mé hinh nhéan dién dbi tuong
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dua trén deep learning, duoc phat trién boi nhém nghién ctru cta Joseph
Redmon. C4c mo hinh Yolo dugc st dung rong rai trong cac rng dung nhén
dién d6i tuong, nhu nhan dién giao thong, nhan dién khudén mat, va nhan dién
vat thé trong anh chup tir camera an ninh, camera giam sat.

YOLOv1 (2015)

Mo hinh YOLO v1 13 phién ban dau tién ctia mé hinh YOLO, dugc gisi
thiéu vao nim 2015 boi Joseph Redmon. Pay 12 mot trong nhitng mo hinh dau
tién str dung phuong phap "dinh vi va phan loai ddi twong ciing mot luc" dé
giai quyét bai todn nhan dién ddi tuong.

YOLO vl hoat dong bang cach chia anh dau vao thanh mot 1udi (grid)
cac 6 (grid cells), sau d6 sir dung mot mang CNN dé tinh toan cac hop gidi han
(bounding box) va xac suat 16p cho mdi 6 trong ludi. Két qua cudi cing cua
YOLOVI la mdt danh sach cac hop gidi han cho tat ca cac ddi tuong dugc tim
thdy trong anh dau vao, cing vé6i xac suét cho timg 16p. YOLOV1 c6 thé hoat
dong voi tbe do rat nhanh so v6i cac phuong phap khac nhung c6 d6 chinh xac

thip hon trén cac ddi trong nho va cac ddi twong co ty 18 khac nhau.

S x S grid on input

Class probability map

Hinh 2.6: Cac bwéc xir ly trong md hinh YOLO [19]
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YOLOv2 (2016)

YOLOV2 dugc phat trién boi Joseph Redmon va cac dong nghiép tai dai
hoc Washington va cong bd vao ndm 2016. YOLOV2 1a phién ban cai tién cua
YOLOV1. YOLOV2 c¢6 nhiéu cai tién so véi YOLOVI, bao gém st dung mot
backbone méi, batch normalization, kich thudc ludi dugce tinh chinh, dao tao
da ti 18, du doan kich thudc dbi twong tt hon va non-maximum suppression
dugc tinh chinh. YOLOV2 cho phép nhéan dién cac vat thé trén céc anh c6 kich
thude khac nhau, dong thoi co thé xir Iy cac vat thé gan nhau hon va da dang
hon. N6 cling c6 kha nang xac dinh vi tri ctia cac vat thé chinh x4c hon va giam
thiéu sai sot khi dy doan cac hop gi61 han.

YOLOv3 (2018) va YOLOv4 (2020)

YOLOvV3 dugc phat hanh vao nam 2018 véi cac tinh nang mé1 nhu hop
gidi han (bounding box) ¢6 kich thudc khac nhau (dé xac dinh cac vat thé 16n
hon), két hop thong tin tir cac 16p trude d6 dé ting d6 chinh xac va str dung ky
thuat Non-maximum suppression (NMS) dé loai bo cac hop trung lap. YOLOV3
cling sir dung ResNet, mot mang CNN dugc phat trién boi Microsoft, dé tang
do sau cua mo hinh va cai thién do chinh xac.

Trén co s& cua YOLOv3, YOLOv4 dugc phat hanh vao nam 2020 véi
nhiéu cai tién méi nhu: Mo-dun SPP (Spatial Pyramid Pooling), Md-dun CSP,
Cai tién viéc két ndi cac 16p trong mang CNN dé cai thién d6 chinh xac va toc
d6 xur 1y va cac k¥ thudt cai tién khac nhu ki thuat Mish Activation, Mosaic
Data Augmentation, DropBlock regularization,...

2.2.3 SSD Model

SSD (Single Shot MultiBox Detector) 1a mdt thuat toan phéat hién doi
tugng duoc st dung phd bién trong linh vuc thi gidc may tinh. Thuat toan nay
dugc gidi thiéu bdi nhom nghién clru ciia Google DeepMind vao nam 2016.

SSD st dung mdt mang neural sdu d€ phan tich anh dau vao va tao ra
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cac bounding box va xé4c suit 16p twong tmg cho mdi ddi trong duge phat hién
trong anh. Piéu nay dugc thuc hién bang cach sir dung cac 16p tich chap bd
sung dugc thém vao trén mang co so.

Mot trong nhitng wu diém ctia SSD so voi cac thudt toan phat hién d6i
tugng khac 13 viéc tao ra bounding box va xac suét 16p trong mot lan chay
(single shot), giup cho viéc phat hién dbi twong nhanh chéng va tiét kiém tai
nguyén tinh toan. Hon nita, SSD ciing ¢6 kha niang phat hién dbi tuong voi cac
kich thudc khac nhau trén mot anh.

Tuy nhién, SSD ciing c¢6 mot sd han ché, bao gom kha ning phat hién
d6i tuong khong chinh xac khi chiing 6 kich thudc nhoé hoic bi che khuit bai
cac d6i tuong khéc trong anh.

Bén dudi la bang so sanh toc d running cia cac mo hinh object detection.

Method mAP | FPS | batch size | # Boxes | Input resolution
Faster R-CNN (VGG16) | 73.2 | 7 1 ~ G000 |~ 1000 = GO0
Fast YOLO 527 | 155 1 98 448 = 448
YOLO (VGG 16) 66.4 | 21 1 98 448 = 448
SSD300 743 | 46 1 8732 300 = 300
SSD512 768 | 19 1 24564 512 = 512
SSD300 743 | 59 8 8732 300 = 300
SSD512 768 | 22 8 24564 512 = 512

- - . - W W s o s - o T S

Hinh 2.7: Bang so sanh tée dd xix Iy va dd chinh xéc cia cac 16p model [20]

2.3M06 hinh ma nguén mé BigDL
2.3.1 Téng quan vé BigDL

BigDL la mot md hinh mi nguén mé cho hoc siu trén Apache Spark,
dugc phat trién boi Intel va dugc phat hanh theo gidy phép Apache 2.0. BigDL
dugc thiét ké dé tdi uu hoa cho cac mo hinh hoc sau 16n trén cac hé thong phan
tan, nhung van giit nguyén tinh linh hoat ciia Spark. N6 cung cap mot loat cac
16p va phuong thirc xay dung mé hinh hoc sau, bao gém céc 16p cho cac mo

hinh mang no-ron than kinh sau nhu CNN, RNN, LSTM, va GRU.. BigDL cho
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phép ngudi dung st dung cac cong cu va thu vién quen thudc cta Spark dé xay

dung va huan luyén cdc mo hinh Deep Learning trén céc dit liéu 16n. BigDL hd

trg nhiéu kién tric moé hinh nhu Convolutional Neural Networks (CNNs),

Recurrent Neural Networks (RNNs), va nhiéu kién tric mang Deep Learning

khac. Cac mo hinh dugc huan luyén trén BigDL c6 thé dugc trién khai trén cac

mdi trudng phan tan nhu Apache Spark hay cac thiét bi nhung dé trién khai cac

ung dung Al.

Orca: cung cap API don gian dé trién khai va quan 1y cic Gmg dung Al
phan tan trén Apache Spark va Ray.

Nano: t6i uu héa cho cac Gmg dung TensorFlow va PyTorch dé ting toc
d6 huan luyén va dat dugc hiéu qua cao hon.

DLIib: cung cap cac cong cu va thu vién dé trién khai va quan 1y cac md
hinh Deep Learning trén Apache Spark, twong duong véi Spark Mllib
cho hoc sau.

Chronos: cung cp cac cong cu théng ké thoi gian tinh dugc st dung
AutoML dé gitip ngudi ding t6i vu hoa thoi gian huan luyén va dat dugc
hi¢u qua cao hon.

Friesian: cung cip cic cong cu dau cudi dé xdy dung cac tng dung Al
va hoc may trén Apache Spark va Ray.

PPML (experimental): cung cip mot méi trudng an toan cho xt 1y dix
liéu 16n va cac ung dung tri tué nhan tao, véi su hd tro cia SGX

Hardware Security.
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Hardware Secured Big Data & Al?

M / \‘l"

e5
Python vs. Scala/Java? @

/N

Python ScalalJava

What type of application? @

Distributed Big Data / \\
+

Accelerate
DL for Spark MLIib High Level App Framewaorlk
Al (TF/PyTorch) TensorFlow / PyTorch l
Time Serles Recnmmender System
Hinh 2.8: BigDL

2.3.2 M6 hinh thgc thi BigDL

Trong khi sir dung cac phuong phap tiéu chuan nhu huén luyén song
song dit liéu, may chii tham s6 dé huan luyén c6 kha nang mé rong, diém méi
ctia BigDL 1a cach trién khai hiéu qua cac chic ning nay trén mot mo hinh tinh
toan cau tric ciia Apache Spark.

Trong cong dong hoc may, truy cap dir liéu chi tiét va thuc hién sira doi
dir liéu tai chd duoc xem 1a cyc ky quan trong dé hd trg cho viéc huan luyén
phan tan hiéu qua v6i cac may chil tham sé. Tuy nhién, trong hé théng big data
nhu Spark, mé hinh tinh toan céu trac khac dugc ap dung, trong do bd dir liéu
khong thay d6i va chi c6 thé duoc chuyén doi thanh bd dit 1iéu méi ma khong
c6 tac dong phu (ttc 1a sao chép khi can thiét); ngoai ra, cic phép bién ddi déu

1a cac thao tac ciu truc tho (tc 1a ap dung cting mot phép bién ddi cho tat ca
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cac muc dir liéu cung mat lac).

» MO0 hinh tinh todn ciia Spark

Worker :
Spark Task :
Driver Spark Task i
Spark Task E
| e ] " Worker
______________ I Spark Task

! Spark Task

i

I

I

| |
: Spark |
I

I

I

I

Spark Task

Hinh 2.9: M6 hinh caa Spark: Driver Node c6 chire néang 1ap lich va phéan cong cong
viéc cho cac Worker Node

Mo hinh tinh toan ctia Spark dua trén nguyén tic chia dé tri (divide-and-
conquer), trong d6 cac tic vu tinh toan duogc chia thanh cac phan nhé hon va
dugc phan tan trén cac worker nodes dé tinh toan dong thoi. Két qua tinh toan
duogc tong hop va tra vé cho driver program dé xir 1y. Qua trinh chia tac vu tinh
toan thanh cac phan nhé hon va phén tan chung duoc quan 1y boi Spark Core
va RDDs. Dé tir dong phén tan xtr 1y dit liéu trén cum mot cach dang tin cay,
Spark cung cap mdt mo hinh tinh toan ham sé va phan tan dir lidu. Trong mot
cong viéc Spark, dir lieu dugc dai dién b'fmg Resilient Distributed Dataset
(RDD), d6 1a mot tap hop cac ddi twong c6 thé chia sé va bat bién dugc phan
tan trén nhiéu node trong mot cluster, va chi c6 thé duoc bién ddi dé tao ra cac
RDD mdi (tirc 13 sao chép khi can) thong qua cac toan tir ham sb nhu map, filter
va reduce. Ngoai ra, cac phép toan nay déu 1 phan tan dit lidu (tic 1a dugc ap
dung cho céc phan vung dit li¢u riéng 1€ song song bdi cac tac vu Spark khac
nhau) va tho so (tic 13 ap dung cting mot phép toan cho tt ca cac muc dit liéu
cung mot Iuc).

Mot cong cu chinh ctuia Spark 1a Spark Core, do 1a mét thu vién trung

tdm cung cap cac chirc nang co ban cho viéc xu 1y dir 1iéu, bao gom cac phép
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bién d6i, loc va tinh toan. Ngoai ra, Spark con cung cép cac thu vién va cong
cu cho viée xir 1y dir liéu cau triic va phi cau tric, bao gdm Spark SQL, Spark
Streaming, GraphX va MLib.
» Mo hinh tinh todn ciia BigDL
BigDL dugc xay dung trén co s& mo hinh tinh todn song song dir li¢u
ctia Spark, cung cip viéc huin luyén mé hinh mang neural st dung ddo tao dir
liéu song song déng bd trén cum mdy tinh, da dugc chiing minh la dat duoc
tinh mé rong va hiéu suat tot hon (tinh bang thoi gian cho dén chat lugng) so
v6i dao tao khong dong bo. Pé cu thé hon, qua trinh huan luyén phan tan trong
BigDL dugc thuc hién dudi dang mot qua trinh 13p, nhu dugc minh hoa dudi
day:
fori=1toMdo
/I Tac vu “forward-backward”
for each task in the Spark job do
read the latest weights;
get a random batch of data from local Sample partition;
compute local gradients (forward-backward on local
model replica);
end for
/] Tac vu “d6ng bo hoa tham sb6”
aggregate (sum) all the gradients;
update the weights per specified optimization method;
end for
Mdi vong ldp chay mot vai tic vu Spark dé tinh toan gradient st dung
mini-batch hién tai (b.'?lng mdt tac vu “forward-backward”), va sau do thuc hién
mdt cap nhét don 1¢é cho cac thong sd cia mé hinh mang neural (bang mot tac

vu "dong bo hoa thong s6").
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Mo hinh tinh toan cta BigDL str dung cac RDDs trong Apache Spark dé
Iwru trit dir liéu hudn luyén va cac tham s ctia md hinh. BigDL tao ra mét RDD
cdc md hinh, mdi md hinh 13 mot ban sao ctia md hinh no-ron sau ban dau.
RDDs nay dugc cache trong b nhé va phan phdi trén cac may tinh trong cum.,
va dugc phan vung va dat cung mot vi tri trén cluster, nhu duoc thé hién trong
Hinh 2.10. Do d6, trong mdi vong lip cla huin luyén mo hinh, mét tac vu
"forward-backward" c6 thé don gian ap dung operator zip function dé ghép céc
phéan ving duoc dit cing vi tri cia hai RDD (ma khong ton chi phi phu), va
tinh gradient song song cho mdi ban sao cuia md hinh (str dung mot lwong nhod
dir licu trong phan vung Sample ddt cung vi tri), nhu dugc minh hoa trong Hinh

2.10.

| Pz | I

: Worker 1 : : Worker 2 : : Worker n :

| , I | I U

I | partitic P s | L~ Sample ! | p,ii [

'ij.l Partition | : : Partition 2 : RDID : _ rf'fﬂi“l[ :: Task n: zip Sample
L A |4 ' 18 I i and model RDDs, and
Task 1.! : : (fask é : | 7 compute gradient on

Np [ 11 il Siadad | [ | A co-located Sample

: , Partition | ‘ : : Partition 2 | ; R‘;()[k) : Partition n : and model partitions

| -4 { | 1

| |1 | | I

Hinh 2.10: Tac vu “forward-backword” ciia Spark tinh toan gradient cho méi ban

sao md hinh mang no-ron song song

BigDL khong hd tro phan tan mo hinh (model parallelism) tirc 1a khong
¢ viéc phan phdi mo hinh trén cac worker khac nhau. Tuy nhién, diéu nay
khong giy han ché trong thyc té, vi BigDL chay trén cac may chu Intel Xeon
CPU, thuong c¢6 dung lugng bo nhd 16n (100s GB) va c6 thé dé dang chua céac
md hinh rat 16n.
> Dong bj héa tham so trong BigDL

Pong bd hoa tham s 1a mot phép tinh quan trong ddi v6i hudn luyén mo
hinh phan tan song song trén dir liéu (vé toc do va kha ning mo rong). Dé hd

trg dong bd hoa tham so6 hiéu qud, cac framework hoc sau hién cé thuong trién
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khai may chu tham sb hodc AllReduce bang cach sir dung cac phép tinh nhu
truy cap dir liéu chi tiét va thay doi dir liéu tai chd. That khong may, cac phép
tinh nay khéng dugc hd tro bdi mé hinh tinh toan chic ning cta hé théng dir

liéu 16n (nhu Spark).

local gradient local gradient local gradient

OB O DB 0 §DEn

: ‘_._r—;'::j;:';'if_i_ii_i x-"“-n,h v 72,7»-"’?{-}.7 7"7<7i;;‘:t--‘-l‘:»;,\ztm‘-!_—
gradient; 1 & gradient 2 n ; gradient n @I

‘ updaté updafe update
= 4 ! Y H | A
weight | 1 n . weight 2 n weight n n
Task1 Task 2 ~ Taskn

“Parameter synchronization” job

Hinh 2.11: Péng b héa tham sé trong BigDL

BigDL d4 tiép c4n hoan toan khac biét bang cach truc tiép trién khai mot
hoat dong AllReduce hiéu qua str dung cac nguyén tic hién co trong Spark. Sau
khi tinh toan gradient cho mdi mo hinh con trong tac vu "model forward-
backward", BigDL st dung mot tac vu Spark khac, dugc goi 1a tac vu "Déng
bo hoa tham sb" dé cap nhat trong s6 cho mod hinh chinh trén driver, dugc thé
hién trong hinh 2.11.

Cu thé, BigDL st dung thuat toan "AllReduce" dé tinh trung binh cua
cac gradient ctia tit ca cidc mo hinh con, sau d6 ap dung trung binh nay dé cap
nhat cac tham s trén mo hinh chinh. Thut toan "AllReduce" st dung cac phép
tinh trén ma tran va duogc trién khai bang cac ham goi toi hé thng tinh toan
phan tan ctia Spark. Qua trinh nay duoc 13p lai cho tat ca cac vong lap cua qué
trinh huan luyén

for each task n in the "parameter synchronization" job do

shuffle the n" partition of all gradients to this task;
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aggregate (sum) these gradients;
updates the n™ partition of the weights;
broadcast the n™ partition of the updated weights;

end for

BigDL d3 tuan theo thuc tién tiéu chuan (nhu huan luyén song song di
lidu va cac phép toan AllReduce) dé huin luyén c6 kha ning mé rong, tuy nhién
cai dat ciia né rat khac so voi cac framework deep learning hién c6. Bang cach
ap dung trang thai cta thuc tién hé thong big data, BigDL cung cip mot giai
phap thiét ké kha thi khac cho huan luyén mé hinh phan phéi. Piéu nay cho
phép céc thuat toan hoc sau va phan tich dit li¢u 16n duogc tich hgp mdt cach
lién mach vao mét luéng dir li¢u duy nhét, va hoan toan loai bé van dé khong
phul hop vé truyén thong. Hon nita, diéu nay ciing lam cho viéc xtr 1y su c6,
thay ddi tai nguyén, uu tién tac vu,...

Céc framework deep learning phan tan hién c6 (vi du nhu TensorFlow,
MXNet, Petuum, ChainerMN,...) d3 ap dung mt kién trtc trong d6 nhiéu tac
vu dai han, co6 trang thai tuong tac vdi nhau dé tinh toan mé hinh va déng bo
hoa tham sd, thuong theo cach chin dé hd trg huan luyén phan tan dong bo.
Mic du diéu ndy duogc tdi wu hoa cho giao tiép lién tuc gitta cac tac vu, nhung
chi hd trog khoi phuc 16i ¢6 do min thd bang cach bat dau lai tir snapshot trude
d6 (vi du nhu vai epoch trude do).

Nguoc lai, BigDL chay mot loat cac Spark jobs ngan han (vi du nhu hai
jobs trén mdi mini-batch duoc md ta trude d6), va mdi tic vu trong job déu
khong c6 trang thai, khong chan va hoan toan doc 1ap véi nhau. Do do, cac tac
vu BigDL c6 thé chay don gian ma khong can 1ap lich nhom. Ngoai ra, n6 ciing
c6 thé hd trg khoi phuc 18i ¢6 d6 min bang cach chi chay lai tac vu bi 15i (sau
do tao lai phén cua gradient cuc bd hodc trong s6 duoc cap nhat trong by nhd

dém cua Spark). Diéu nay cho phép framework ty dong va hiéu qua giai quyét
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cac 16i (vi du nhu gidm quy mo cluster, preemption cia tac vu, bug ngau nhién
trong ma,...) kip thoi.
2.3.3 Ung dung BigDL véi bai toan phan logi va nhgn dién hinh @nh
BigDL c6 thé dugc sir dung dé giai quyét bai toan phén loai va nhan dién
hinh anh bang cach st dung cac mé hinh nhu SSD va DeepBit, duoc thé hién
trong hinh 2.12.
Qua trinh phan loai va nhan dién nong san c6 thé duoc thuc hién béng
cach két hop cac budc sau:

1. Phat hién vat thé: Str dung m6 hinh SSD trong BigDL dé phat hién cac
vat thé trong hinh anh. M6 hinh nay c6 thé xac dinh vi tri va do tin cay
ctia cac vat thé khac nhau trong hinh anh.

2. Trich xuét hinh anh: Dya trén dja diém va kich thudc cua cic vat thé da
dugc phat hién, ban c6 thé cét ra cac hinh anh ddy du chira cac vat thé
nay hodc tip trung vao cac ving quan tdm dé nhan dién.

3. Trich xuit dic trung: Sir dung mé hinh DeepBit trong BigDL dé trich
xudt cac dic trung cua cac hinh anh da dugc cét ra. Mo hinh nay c6 thé
chuyén dbi cac hinh anh thanh cic vecto dic trung c6 sd chiéu thap
nhung biéu dién théng tin quan trong vé hinh dang va ndi dung cta d6i
tuong.

4. Phan loai: St dung cac md hinh phan loai nong san da duoc huén luyén
trude dé du doan loai nong san dua trén cac dac trung da trich xuat. Két
qué phan loai c6 thé dugc luu trit trong HDFS dudi dang RDD (Resilient
Distributed Dataset) dé str dung cho cac muc dich khac nhau.

Qua trinh nay két hop viéc phat hién vat thé va trich xuit dic trung dé
nhan dién va phan loai hinh anh. Cac cong cy nhu BigDL va m6 hinh SSD,
DeepBit trong BigDL c6 thé hd trg trong viéc trién khai qua trinh ndy trén moi

truong phan tan va xu 1y luong dir li¢u 16n.
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Hinh 2.12: Ung dung BigDL véi bai toan phan loai va nhan dién hinh anh
< SSD Model
M6 hinh SSD dugc xdy dung trén co s& cua mang neural tich chéap
(Convolutional Neural Network - CNN) va cac 16p tich chap b sung. Kién tric
ctia mo hinh SSD bao gdm hai phéan chinh:
> Base Network: Mot mang neural tich chap (CNN) duogc st dung dé xir
Iy anh dau vao va trich xuét cac dic trung cua anh. Mang CNN thuong
duogc hudn luyén trude trén mét bo dit li€u 16n nhu ImageNet dé trich
xuat cac dic trung cé gia tri tir anh.
> MultiBox Head: Cac 16p tich chap bo sung duoc thém vao sau mang
CNN dé dy doan cac bounding box va xac suat 16p cho cac d6i tugng
trong anh. MultiBox Head bao gdm céc 16p tich chap va két ndi day du
(fully connected) dé bién doi dau vao tir mang CNN thanh céc vector dic
trung dung dé du doan vi tri va 16p cua ddi tuong. Bounding box dugc
du doan bang cach ap dung mot sé luong dic trung trén timg vi tri trén
anh va dy doan vi tri va kich thudce ctia bounding box. Xac suét 16p cho
cac doi tuong duoc du doan béng cach ap dung mot ) luong dac trung

trén ting vi tri trén anh va tinh xac suit déi tuong thudc cac 16p da biét.
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Véi kién tric nay, SSD c6 thé du doan bounding box va xac suét 16p
tuong g cho tat ca cac dbi tuong trong anh trong mot 1an chay (single shot),
gitip cho viéc phat hién ddi twong nhanh chong va tiét kiém tai nguyén tinh

toan.

No. of
3x3Conv 4 boxes Classes 4offsets . Feat

..é;
[ Classifier - Con

ure Layers
VGG-16 A
through ConvS_3 layer

onv: 3x3x(6x(Classes+4))

74.3mAP
59FPS

SSD
' t = LI |
Detections:8732 per Class
Non-Maximum Suppression

1024 1024 2 2% 2%
onv: 3x3x1024 Conv: 1x1x1024 Conv: 1x1x256 onv. 1x1x128 Conv: 1x1x128 1%1%12
Conv. 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-s1

Hinh 2.13: So @6 kién tric cia mang SSD [20]

SSD dura trén viéc ap dung mot kién triic chuan (Vi du: VGG16) dé thyc
hién tién trinh lan truyén thuén va tao ra mot khéi feature map 3D & giai doan
som. Kién triic mang nay duoc goi 13 "base network" (tir input Image dén
Conv7). Sau d6, ching ta thém céc kién trac phia sau "base network" dé tién
hanh phat hi¢n vat thé, duoc goi la "Extra Feature Layers" trong so dd. Cac
16p nay c6 thé dugc giai thich mot cach don gian nhu sau:

« Cac layer ctia mo6 hinh SSD:

o Input Layer: Input Layer ctia md hinh SSD c¢6 kich thudc dau
vao 1a 300x300 pixel va dugc st dung dé dua anh dau vao vao
mang neuron. Dé chuan bi dit liéu dau vao cho Input Layer cua
mé hinh SSD, anh dau vao s& dugc chuyén d6i thanh mot tensor
c6 kich thude 300x300x3 (chiéu rong, chiéu cao va s6 kénh mau
RGB). Sau d6, tensor nay s& dugc dua vao Input Layer dé duoc
xur 1y boi cac 16p tich chap va 16p pooling trong mé hinh SSD.

o Convb_3 Layer: Conv5_3 la I6p tich chap thir tu trong mang
VGG-16 duoc sir dung trong kién tric moé hinh SSD nhung loai
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bé mot sé layers fully connected & cudi cung. Dau vao cua 16p
Conv5 3 1a feature map (ban db dic trung) duoc tao ra tir 16p
Conv5_2. Conv5_3 str dung cac bd loc (filters) c6 kich thude 3x3
voi sd luong bo loc1a 512. Conv5 3 sur dung ham kich hoat ReLU
dé giup tang tinh phi tuyén ctia mé hinh. Pau ra ctia 16p Conv5 3
la mot feature map co kich thudce 38x38 vai 512 kénh dac trung.
Conv4 3 Layer: Conv4 3 1a mot 10p quan trong trong kién trac
mo hinh SSD, vi n6 dugc sir dung dé tao ra cac feature map tang
thap hon so véi Conv5 3. Cac feature map nay duoc sir dung dé
phat hién cac d6i twong nho hon trén anh, vi chung chira cac dic
trung cua cac dbi tugng nho hon va chi tiét hon so vai cac feature
map téng cao hon. Sau khi dugc tao ra tr Conv4 3, cac feature
map nay duoc str dung dé tao ra cic anchor box dé phat hién ddi
tugng trén anh. Pau vao ciia 16p Conv4 3 1a feature map (ban do
dac trung) duogc tao ra tir 16p Conv4 2. Conv4 3 sir dung cac bo
loc (filters) c6 kich thuoc 3x3 véi s6 luong bd loc 1a 512.
Conv4 3 str dung ham kich hoat ReLU dé gitip tang tinh phi
tuyén ctia mo hinh. Pau ra cta 16p Conv4 3 1a mot feature map
co kich thudce 38x38 véi 512 kénh dac trung.

Sau khi tao ra céac feature map tur cac 16p tich chap Conv4 3 va
Conv5_3, md hinh SSD sé& 4p dung cac 16p classifier dé dy doan
16p va toa do cua cac ddi tuong trén anh. Céc 16p classifier trong
mo hinh SSD bao gdm céc 16p Convolutional (Conv) va Fully
Connected (FC), duogc str dung dé tao ra cac du doan cho 16p va
toa d0 cta cac ddi tuong trén anh. Cac 16p nay sir dung feature
map dugc tao ra tir cac 16p tich chap trude d6 1am dau vao. Kich

thudc cua cac feature map sau do s€ phu thudc vao stride (do 16n
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budc nhay) cua tich chap va kich thudc kernel filter (thuong 1a
3x3) clia cac 16p tich chap trudc d6. Tuy nhién, & dam bao rang
cac default bounding boxes dugc xac dinh dang vi tri trén anh,
cac feature map sau d6 s& duoc két hop véi cac 16p Convolutional
va Fully Connected khac dé tao ra cac du doan cho 16p va toa do
ctia cac ddi tuong.

Trén modi cell cua cac feature map, md hinh SSD sé& xac dinh mot
s6 luong default bounding boxes. D6i véi cac feature map tang
thap hon nhu Conv4 3 va Conv7, sd luong default bounding
boxes s& nhiéu hon dé phat hién cac d6i twong nho hon va chi tiét
hon. Cac default bounding boxes ndy s& dugc s dung dé tinh
toan offset toa do cua cac ddi tuong so voi cac default bounding
boxes. Sau d6, cac du doan vé 16p va toa do cua céac ddi tuong s€
duoc tao ra bang cach két hop cac dy doan tir cac feature map
khac nhau.Do do, sb luong cac default boxes san sinh ra ¢ céac
layers tiép theo lan luot nhu sau:

Conv7: 19x19x6 = 2166 boxes (6 boxes/cell)

Conv8_2: 10x10x6 = 600 boxes (6 boxes/cell)

Conv9_2: 5x5x6 = 150 boxes (6 boxes/cell)

Conv10_2: 3x3x4 = 36 boxes (4 boxes/cell)

Convl1l_2: 1x1x4 =4 boxes (4 boxes/cell). Lop Convl1 2 trong
mo hinh SSD 1a mdt 16p tich chdp (Convolutional layer) dugc st
dung dé tao ra cac du doan cho toa do cua cac dbi tuong trén anh.
Két qua cua 16p Convll 2 1a mdt feature map voi kich thudc
giam xudng so v6i feature map dau vao va duoc str dung dé tao
ra cac du doan veé toa do cua cac doi tuong trén anh. Cac du doan

nay s& dugc tinh toan bang cach ap dung céac 16p Fully Connected
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(FC) 1én feature map nay.

« Ap dung cac feature: Sau khi thu dugc feature map & base network,
cac convolutional layers s& duogc thém vao sau base network dé giam
kich thudc cua feature map va cho phép du bao va nhan dién vat thé &
nhiéu hinh dang kich thudc khac nhau. Céc feature map co kich thudc
16n s& phat hién tot cac vat thé nho va céc feature map kich thudc nho
gitip phat hién tot hon cac vat thé 16n. Viéc chon kich thudc kernel filters
s& duoc thé hién chi tiét hon trong so d6 kién truc trong phan Extra
Features Layers. Viéc giam kich thudc feature map giup giam sb luong
khung hinh can du béo va tang d0 chinh xac cua phat hién vat thé.
Feature map c6 kich thudc 16n tt cho viéc phat hién vat thé nho, trong
khi feature map c6 kich thude nho thi phu hgp hon voi viée phat hién
vat thé 16n. So d6 kién tric ciia md hinh SSD s& chi rd vé kich thude
kernel filters trong phan Extra Features Layers.

« Du bio théng qua mang tich chiap: Mdi mot layer feature duoc thém
vao trong Extra Features Layers ctia m6 hinh SSD s€ tao ra mot tap hop
cac du doan ¢ dinh giup nhan dién ddi tugng trong anh thong qua viéc
ap dung cac bo loc tich chap. Kich thudc dau ra cua mdi layer feature
(v6i chiéu rong x chiéu cao x sd kénh) phu thudc vao kich thudc cua
kernel filter va dugc tinh toan hoan toan twong ty nhu trong mang neural
tich chap thong thuong.

. Default box va Aspect ratio: Mdi cell trén feature map s& duoc lién két
vo1 mot tap hop cac default bounding boxes. Cac default boxes s€ dugc
phan bb trén feature map theo thir ty tir trén xudng dudi va tir trai qua phai
dé tinh tich chap, do do vi tri cua mdi default box s& tuong Umg voi cell ma
n6 dugce lién két va anh xa v6i mot ving anh trén birc anh gdc. Ngoai ra,

mdi default box s& c6 mot ty 18 canh (aspect ratio) c6 dinh dé phu hop véi
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do6 ti 1€ khung hinh cua céc ddi tuong can phat hién.
0

20 1

40 A

60

Hinh 2.14: Vi tri caa cac default bounding box trén birc anh géc khi ap dung trén

feature map cé kich thwéc 4 x 4.

Nhu vay, mdi 6 ludi trén feature map s& c6 kich thudc 1 4x4 va sé duoc
lién két véi 4 default bounding box khic nhau nhu dugc minh hoa trén hinh
v&. Tat ca cac bounding box nay c6 tim tring nhau va chinh 1a toa d6 tdm cua
6 luéi ma ching lién két.

Tai méi mot default bounding box trén feature map, chung ta s& du bao
4 offsets trong ing vdi toa do va kich thudce cia nd. Céc offsets nay dugce biéu
dién bdi mot toa d6 g@)m 4 tham sb (cx, cy, w, h), trong do (cx, cy) xac dinh
toa dd tam va (w, h) xac dinh kich thudc cua bounding box. Phan th hai trong
du bao 13 diém sd cia bounding box twong ing véi mdi 16p. Luu y rang ching
ta s€ c6 mot 16p thu C+1 dé dai dién cho truong hop ma default bounding box
khong chira vat thé (hodc thudc 16p background).

Tuong tu nhu anchor boxes trong mang faster R-CNN, default boxes
cling dugc st dung trén mot vai feature maps voi cac do phan giai khac nhau.
Diéu nay giup cho cac default bounding box c6 thé phan biét hiéu qua kich
thude cta cic vat thé khac nhau.

< DeepBit Model
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Phuong phap phan loai DeepBit Model 1a mot phuong phap hoc sau
khdng giam sat mai trong viéc nhan dién vat thé. Khéac véi cac phuong phap
giai ma nhi phan khac, DeepBit Model sir dung mot mang neuron dé hoc bo
giai md mot cach khong giam sat bang cach dat ba muc tiéu cho bo giai ma.
Cac muc tiéu d6 bao gdbm:

- Phan cum d6i twong: Bo giai ma duoc dao tao dé phan chia cac dbi tuong
vao c&c cum khac nhau. Khi ddi twgng méi duge dua vao, bo giai ma s&
xac dinh cum twong rng cho no.

- Phét hién bén trong cum: B giai mi ciing duoc dao tao dé phat hién bén
trong cac cum va tao ra mot biéu dién phu hop cho ching.

- Tao biéu dién ddi twong: Cudi ciing, b giai ma sé& tao ra mot biéu dién
d6i tugng cho mdi déi tugng bang cach két hop cac biéu dién cua cum

va cac dac trung bén trong cum do.

Objectives

Minimal Evenly Distributed

. : Uncorrelated Bits
Quantization Loss Codes

@ ¢ -iau

l|—=||—=||—]

Unlabeled Image

Hinh 2.15: DeepBit Model
Céac muc tiéu nay giup bo giai mé hoc duoc cac dac trung quan trong caa
dbi twong mot cach tu dong, tir d6 giup né cé thé phan loai ddi tuong hiéu qua

hon. Piéu nay gitip DeepBit Model tranh duoc nhiing han ché cua cac phuong
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phap giai ma nhi phan truyén thdng, gilp cai thién d6 chinh xac va hiéu qua
cua viéc nhan dién vat thé.

Quantization Loss
Minimization
0
o=
=Z7
' 0
f - n

. 1 Evenly Distribution

Input X Deep Convolutional Neural Network K b
(16 Layers VGGNet)

’ Parameter Transfering I

| v

Objectives

Rotation Invanant

Quantization Loss
Minimization

Deep Convolutional Neuwral Network
(16 Layers VGGNet)

Evenly Distribution

Hinh 2.16: M6 hinh chi tiét cia DeepBit Model
M6 hinh xay dung bo giai mé bang cach dat ctra s6 chiéu 18n anh dau
va nhi phan hoa két qua

b=0.5x (sign(F(z; W)) + 1), (1)

X dai dién cho anh dau vao, b 1a bo giai ma trong dang vector. Sign(k)=1
néu k>0 va bang -1 néu nguoc lai. F(x, W) la 1 tap hop cac chic niang chiéu

xuéng co thé viét nhu sau:

Flz: W) = fil--- falfi(ziwn)sw2) -+ swe),  (2)
f 1ay dir liéu xi va tham s6 wi 1a dau vao va tao ra két qua chiéu xuéng xi+1
Cach giai quyét nay dung gidp thong sé d6i chiéu W=(w1,w2,w3,...wn)
lugng tir héa hinh anh dau vao x thanh 1 vector b nhi phan gon nhe ma khdng
lam mat thong tin tir dau vao. Dé tao 1 bo giai md gon nhe va phan biét tét, bo
giai ma phai c6 su mat mat luong tir hoa it nhat dé gitr dwoc cau tric dix liéu tir
I6p truge. Thir hai, bo giai ma phai phan bé dong déu dé xau nhi phan phan biét

duoc nhiéu thong diép khac nhau hon. Cudi cting bd giai ma phai bat bién trudc
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su xoay hay nhidu cua vat thé, tir d6 bo giai ma co thé bat duoc nhiéu thong tin
hon tir moi anh.
2.4Két luan chuong

Tai chuwong ndy, luan vian di trinh bay tong quan cic phuong phap nhin
dién dit ra va 1y thuyét cho hé thong.

Pau tién, luan van da giai thich cac khai niém co ban vé nhan dién d6i
tugng va hoc siu, cing véi kién tric mang phd bién nhur Convolutional Neural
Networks (CNNS).

Tiép theo, luan van cling da giagi thi¢u vé BigDL - mét thu vién hoc sau
mi ngudn mé - va cach sir dung BigDL cho bai todn nhan dién hinh anh. St
dung BigDL c6 thé tdng tdc do dao tao va chay mo hinh, dé)ng thot cling giam
thiéu thoi gian xtr 1y dit lidu. Tir nhimng kién thtc va kinh nghiém d3 tim hiéu
duoc trong chuong nay, luan van s€ ung dung BigDL cho bai todn nhén dién

va phan loai nong san & chuong 3.
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CHUONG 3 .KET QUA THUC NGHIEM VA PANH GIA
3.1 Thu thap dir liéu

Budc thu thap dir li¢u 1a mot giai doan quan trong trong qua trinh xay

dung co s¢ dit liéu ndong san. Qua trinh nay doi héi sy can than va chuan bi ky

ludng dé dam bao tinh chinh xac va da dang cua dir liéu thu thap duoc.

Budc dau tién trong qua trinh thu thap dir liéu ndng san 1a tim kiém cac

ngudn dir liéu phu hop trong cac dataset chtra anh noéng san trén mang thong

qua cac ngudn thong tin nhu Kaggle, Open Images, ...; ngoai ra thu thap thém

hinh anh bang cach chup anh ndng san bang thiét bi camera c4 nhan.

Danh sach cac nong san dugc sur dung bao gom:

Nong sin | S0 lwong | Nongsin | S0 lwong | Nong san | S6 lwong
anh anh anh
Téo 510 Buoi 520 Lé 520
Mo 530 Oi 520 Ot chuéng | 520
Chubi 540 Su hao 550 Hong 570
Cai Bap | 550 Quat 560 Dua 570
Dua ludi | 580 Chanh 510 Thanh 590
long
Khé 520 Nhan 520 Man 590
Ca rot 570 Vai 570 Luu 590
Sup lo 530 Xoai 540 Khoai tay | 520
Dua 560 Mang cut | 590 Chbém 520
chém
Ngb 530 Dau tam | 540 Hong xiém | 510
Catim 540 Hanh tdy | 550 Déau tay 560
Toi 580 Cam 540 Ca chua 560
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Ging 590 Pao 560 Dua hdu | 560
Nho 590

Budc tiép theo sau khi da c6 tap hop anh chup 14 thu thap va to chic dir
lidu. Trong qua trinh nay, can xac dinh cac thong tin lién quan nhu nhan, dinh
danh, vi tri chup va cac thong tin khac can thiét. Thong tin nhan dugc sir dung
dé chi dinh loai ndng san ma mdi anh dai dién. Vi du: "T40", "Mo", "Chudi",
"Cai Bép", ... Nhin gitp xac dinh va phén loai cac loai ndng san trong co s dit
liéu. Pinh danh dugc sir dung dé xac dinh duy nhat mdi anh trong co s& dit lidu.
Piéu ndy dam bao rang mdi hinh anh dugc dinh danh riéng biét va khong bi
tring 13p trong qué trinh t6 chirc dir liéu.

Qua trinh thu thap va to chtrc dit liéu néng san can dam bao tinh chinh
xéac va day du cua thong tin. Thong tin nhan, dinh danh va vi tri chup gitp xac
dinh va phan loai cac loai nong san va xay dung co s¢ dit li¢u mdt cach cu thé
va ¢6 to chire, cu thé v&i bai toan nay co sé dit lieu COCO JSON. COCO JSON
cung cép mét cau trac dit liéu da dang dé luu trix thong tin vé doi tuong, vung
quan tam, nhan va cac thong tin lién quan khac trong moét t€p JSON. Dinh dang
ndy cho phép ban t6 chire dir liéu theo cac danh sach d6i tuong, trong d6 mdi
ddi tuong dugc mo ta b.%mg nhén va cac dic diém khac nhu toa do, do chinh
Xac, ...
3.2Thwc nghiém véi cac phwong phap
Thue nghiém véi phwong phap Hoc may truyén thong:

- Buwdce 1: Xay dung CSDL anh néng san (budc 3.1)

- Buwéc 2: Tién xir Iy anh trong CSDL (ddng b6 kich ¢&, loc nén) va gan
nhan. Dic trung ciia bd CSDL anh nay 1a cac anh déu duoc thu thap bang cach
chup thil cong, nham dam bao cac anh c6 chat luong cao, c6 cung kich thudce

va ti 1é anh, vo1 nén da bi loai bo hoan toan.
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Hinh 3.1: Mt s6 anh d loc nén trong bd CSDL

- Bwdce 3: Chon loc dac trung, cu thé:
= Vé mau sdc:

Str dung 16 dic trung vé sd luong cac diém anh véi gia tri mau tinh theo
hé mau HSI (Hue-Saturation-Intensity). Ta khong str dung hé mau thuong gap
nhét 12 RGB béi sau khi chuyén sang h¢ mau HSI, ta da co thé tach biét duoc
thong tin mau sac véi nhitng thanh phan khac nhu do sang, su bao hoa. ..

Cu thé hon, ta chia dai mau Hue thanh 12 doan tuong tmg véi 12 dai
mau chinh (d6, vang, xanh luc...) va chia dai gia tri d6 thuan khiét mau sic
Saturation thanh 4 doan, sau d6 thong ké s6 diém anh c6 gia tri diém mau nam
trong cac dai nay dé thu duoc 16 gia tri ddc trung vé mau sic cho mdi anh dau
Vao.

= Vé hinh dang:
Str dung 4 dic trung vé hinh dang cua ndng san trong anh 1a chu vi, dién tich,
d6 dai 16n nhat, do rong 16n nhat ctia ndng san trong anh.

= Ve két cdu:

Str dung 10 dic trung vé két cu, 1a 10 tham sb trong bo ma trin GLCM
(Grey Level Co-occurrence Matrix) — mot ma tran tinh toan dic trung két cau
phé bién trong linh vuc Xt Iy anh

Téng két lai, véi mdi anh dau vao ta s& tinh toan dugc 30 gia tri dai dién
cho 30 dic trung vé mau sic, hinh dang va két cdu. Nhiing dic trung nay dugc

chon lya sau qua trinh tim hiéu cac bai bdo, cong trinh khoa hoc vé sir dung
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Hoc may trong bai toan nhan dang néng san va thong ké cac dic trung duoc
str dung nhiéu nhat, dat hiéu qua tot nhat. [2][3][4]

- Buéc 4: Huan luyén mo hinh nhan dang nong san tir CSDL anh da xay
dung. B6 CSDL anh nay chi dé so sanh twong dbi d6 chinh xac caa mé hinh
truyén thong so véi md hinh hoc sau tién tién bay gio.

- Buwéece 5: Théng ké d6 chinh xac cua bd test vdi ti 1€ bd training/test 1a
75/25.

Thuc nghiém véi phwong phap Hoc sau (sir dung BIGDL):

- Buwéc 1. Chuan bj dir liéu: Xay dung CSDL anh nong san, kém theo
cac nhan cho timg hinh anh dé danh dau loai nong san tuong tng

- Buwéc 2. Tién xir Iy anh: Ung dung mé hinh SSD Model chuan bi dix
liéu trude khi dua vao mé hinh dé huan luyén hogc du doan. Céc bude thuc
hién nhu sau:

e Resize anh: Kich thudc anh dau vao thuong khac nhau, vi vay can

chuyén vé kich thudc 512 x 512 pixel dé dwa vao mé hinh.

e Chuan hoa gia tri pixel: Cac gia tri pixel ciia anh thuong nam trong
khoang tir 0 dén 255, vi vdy can chuan héa chung vé khoang tir -1 dén
1 dé giup cho mo hinh hoi ty nhanh hon.

e Tao feature map: Tt anh dau vao, ta st dung mgt mang tich chap dé tao
ra feature map, tirc 1a mdt ma tran céac gia tri dai dién cho cac dac trung
cua anh.

e Tao anchor boxes: Sir dung anchor boxes dé du doan vi tri va kich thude
ctia cac doi tugng trong anh. Anchor boxes 1a cac hinh chit nhat c6 kich
thudc va ty 1€ khac nhau dugc dat trén toan b anh.

e Chuén bij dit liéu huin luyén: Tt cac anchor boxes va thong tin vé dbi
tugng trong anh, ta tao ra cac dir liéu huan luyén gdm dau ra mong mudn

(ground truth) cho mo hinh.
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- Buéc 3. Xay dung md hinh: Str dung BigDL dé xdy dung mé hinh

phan loai néng san. M hinh sir dung SSD model dé phat hién vat thé trong

anh, sau d6 st dung DeepBit model dé rat trich dic trung va phan loai nong

san. Cac budc thuc hién nhu sau:

e Huéin luyén mo hinh phét hién vat thé sir dung SSD model

0]

0]

0

Str dung mo hinh SSD ¢6 sin trong BigDL

Thiét 1ap cac tham sb cho mé hinh sd 16p va kich thudc anh dau vao
la 512 x 512 pixel.

Thuc hién fine-tuning trén tap dir liéu: Trong qué trinh nay, mé hinh
s€ duogc cap nhat dé phan loai cac ddi tuong trong tap dir liéu mai.

Luu trit trong s6 ctia mo hinh phat hién vat thé.

e Raut trich ddc trung va phan loai ndong san str dung DeepBit model

0]

Str dung trong s6 dd duoc huin luyén tor SSD model dé thuc hién rat
trich dac trung tir anh nong san.

Str dung mé hinh DeepBit ¢6 sin trong BigDL dé phan loai nong san
dua trén dac trung da dugc rut trich.

Str dung céc 16p Convolutional Neural Network (CNN) dé trich xuét
cac dic trung tir dau vao.

Sau khi trich xuét duge cac dic trung tir anh, két ndi cac l6p CNN
vO1 nhau béng cac Fully Connected Layer dé tao ra mot mang Neural
Network hoan chinh.

Cubi cung, stir dung mot Softmax Activation Layer dé dua ra du doan
cho tung 16p cta dit liéu va st dung ham Loss Function (nhu Cross-

Entropy Loss) dé tinh toan d chinh xac ctia mé hinh.

- Buwéc 4. Huin luyén mé hinh: St dung tap dit liéu da chudn bi dé huan

luyén mo hinh. Str dung thuat toan Stochastic Gradient Descent (SGD) dé t6i

uu hoa ham loss function.
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Trong mdi epoch, chia tip huin luyén thanh cac mini-batch (tip mau
nho) va ap dung SGD dé cap nhét trong s6 ctia md hinh. Cong thirc dugc ap
dung nhu sau:

w =w - Ir * gradient

Trong do:

e w la vector trong s6 can cap nhat

e Ir la learning rate, tdc d6 hoc cia md hinh

e gradient 1a gradient ciia ham mat mat tinh trén mini-batch hién tai

V6i SGD, gradient dugc tinh trén timg mini-batch, diéu nay gitp ting
tbc qua trinh huin luyén mo hinh va giam thiéu chi phi tinh toan so véi GD
truyén thong.

- Buwéc 5. Panh gia mo hinh: Thong ké d chinh xac ciia bo test voi ti 18
bd training/test la 75/25.

Panh gia két qua:

Véi két qua thu duoc tir hai mé hinh huan luyén st dung hai phuong
phap khac nhau trén cung mot bd CSDL anh chat luong tdt va da duoc tién xir
1y cling nhur gan nhén cin than, ta co thé rat ra két luan nhu sau: Véi cac bai
toan nhan dang va phan loai ddi tuong ndi chung, trong dé rat kho c6 thé chon
duoc cac dic trung hiéu qua, thi Hoc sdu 1a phuong phap c6 wu thé vuot troi
so voi cac phuong phap Hoc may truyén thong. Hoc sau gitp don gian hoa qua
trinh hun luyén mé hinh nhan dang khi khong yéu cau sy tham gia ctia nguoi
huan luyén trong qua trinh trich chon dic trung, dong thoi cho phép tai str dung
cac mo hinh d4 huan luyén trudc dé giam thoi gian cai dat giai phap cho cac
bai toan nhan dang mao.

Thong tin tong quan vé bd CSDL anh va qua trinh huan luyén ciing nhu
két qua dat duoc cua hai phuong phap ciing dugc tom luoc trong bang bén

dudi:
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Bing 3.1: So sanh so bd két qua huan luyén ciia 2 phwong phap

Thoi gian huj
Sl AU 1 g chinh xac
luyén :
Hoc may truyén théng ~30 phat 70,82%
Hoc sau (st dung BIGDL) ~60 phat ~95.34%

3.3Ung dung Nhan dién va phan loai néng san
Ung dung nhan dién va phan loai nong san duoc xay dung theo md hinh

Frontend/Backend bao gom 2 thanh phan chinh:

Frontend Backend

Website AFI Core Phan loai
= @ @
i, -7

BIGDL

h 4

AngularJ RestAPI

Hinh 3.2: M6 hinh Ung dung Nhan dang néng san
» Frontend: Giao dién website twong tac voi nguoi dung (duoc trinh bay
& phan 3.4 két qua) cho phép ngudi dung giri anh 1én hé théng Ung dung
Nhan dién va phan loai nong san va nhan dugc két qua phan loai nong
san trong Ung.
> Backend: Hé thong xtr 1y logic va dit lidu cua tng dung phan loai va
nhan dién ndéng san, xtr Iy cac yéu cau va tra vé dir liéu cho phia frontend.
Hé thong nay duoc xay dung bao gom 2 thanh phan:
e Restful API: Hé théng sir dung dé truyén tai dir liéu giira cac tng
dung phia Frontend va phia Core phan loai. Khi nguoi dung gui yéu
cau dén server thong qua mot URL, server s€ tra vé mot response

chtra dir li¢u duogc yé€u cau. Request ma Frontend gui 1én s€ bao gom
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anh chup ctia nong san can nhan dién. Response dugc tra vé Frontend

la danh sach du doan ndng san dudi dang JSSON:

{
"code™: "00",
"desc": "Thanh céng",
"data": [
{
"id™ 1,
"name": "Khé",
"ratio": "0.936"
h
{
"id™ 2",
"name": "Quat",
"ratio": "'0.028"
3
{
"id": 3",
"name": "Ot Chuéng",
"ratio": "0.008"
h
{
"id": 4",
"name": "Hong",
"ratio™: "0.006"
}
]

e Core Phan loai: Hé thdng phén loai nong san théng qua framework

BIGDL (dugc trinh bay ¢ phan 3.2).
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3.4Két qua

Ung dung Nhan di¢n va phan loai nong san da dugc thir nghiém thuc té
v6i nhiéu mau nong san khac nhau, dugc chia thanh hai nhém chinh: Nhom da
dugc huan luyén nhan dang va nhém chua dugc huin luyén. Két qua dat dugc
tuong ddi tdt, cu thé nhu sau:

-Nh6ém néng san nim trong danh sach nong san duoc chon dé xay dung
bo dit liéu nhan dang: Két qua nhan dang dat d6 chinh xac kha cao, dac biét 1a
v6i nhitng loai ndng san c6 nét dic trung vé mau sac hodc hinh dang nhu chubi,

thanh long, chém chom...

HE THONG PHAN BIET NONG SAN

Chon file anh néng san

Céc dinh dang dwoc hé tro: PNG, JPG va JPEG

Két qua nhan dién

« Khé: 0.936
» Quat: 0.028
» Otchudng: 0.008
« Hong: 0.006
« Xoai: 0.005

Hinh 3.3: Két qua nhan dang tot véi loai ndng san cé dic trung riéng biét
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Dbi v6i nhimg loai nong san c6 nhiéu nét trong dong 1an nhau, két qua
nhan dang cua tng dung con d6i luc bj nham 13n, dic biét trong cac trudng
hop anh duoc chup theo goc nhin chua tét dan dén anh khong thé hién duoc
cac dic trung riéng ciia qua. Nguyén nhan dan dén nham 1an bao gdm:

> Thiéu dit liéu da dang: Néu tap dit liéu st dung dé hudn luyén mo hinh
khong du da dang, md hinh co thé khong nhan dién dugc cac dac diém
khac biét gitra cac loai nong san.

> Sai s6 trong qud trinh thu thdp dir liéu: Néu dit liéu dugc st dung dé
huan luyén mé hinh khéng chinh xac hoic khong day du, cac dic trung
quan trong c6 thé bj b qua va dan dén sy nham 1an.

> D¢ phan gidi anh khéng di: Néu do phan giai cia anh dugc str dung dé
huan luyén mé hinh khong du, céc chi tiét nhé hodc ddc trung quan trong
c6 thé bi mat di, din dén sy nham 1an.

> Dia hinh va diéu kién dnh sang: Néu hinh anh duoc chup trong diéu
kién anh sang kém hodc trén dia hinh khac nhau, cic dac trung quan
trong co thé khong dugc nhan dién, dan dén sy nham 1an.

> Kién triic mé hinh khéng phit hop: Néu kién trac mé hinh duoc sir dung
khong phi hop voi bai toan hodc tap dit liéu cu thé, md hinh c6 thé

khong dua ra cac két qua chinh xéc.
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Chon file &nh néng san

Céc dinh dang dwoc hoé tro: PNG, JPG va JPEG

Két qua nhan dién

« Man: 0.468
« Dao: 0.312
« Hanh tay: 0.098
« Nho: 0.063
« Suhao: 0.008

Hinh 3.4: Két qua nhan dang chuwa t6t véi loai qua khong ¢ dic trung riéng biét

Trong hinh trén, qua dao duoc chup & goc do khong tot va do phan giai
anh khong di, din dén hé théng nhan dang nham 14n gitta cac néng san c¢6 hinh
dang, két cau va mau sic trong dong nhau. Tuy nhién, thong sé do chinh xac
ctia md hinh cho thay rang ti 1¢ nhan dang dung cta qua man 1a 46,8%, khong
cao hon nhiéu so v&i qua dao 13 31,2%, va qua thip so véi ti 16 nhan dang
thong thuong (16n hon 90%).

- Nhom néng san nam ngoai danh sich nong san: Hé thong sé& tinh toan
va tra vé két qua nhan dang la mdt trong loai nong san co ti 1¢ giéng nhat véi
loai qua can nhan dang. D6 twong dong giita hai loai qua nay ta c6 thé nhan

thay rat rd rang;
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Chon file &nh néng san

Cac dinh dang dwoc ho tro: PNG, JPG va JPEG

Két qua nhan dién

» Nhén: 0.709
» Nho: 0.192
» HOng xiém: 0.029
» Dautam: 0.027
« Mang cut: 0.014

Hinh 3.5: Két qua nhan dang véi loai qua khéng dwoc huin luyén

Trong trudng hop nhu hinh trén, khiyéu cau hé thong nhan dang qua bon
bon, do bon bon khéng cd trong danh séch nong san dugc huin luyén nhan
dang nén két qua tra vé 1a loai qua c6 sy twong dong cao nhét, qua nhan.

Ngoai ra, két qua thyc nghi¢m thu dugc cho théy hé théng nhan dang
dat dugc két qua twong dbi chuan xac véi cac truong hop hinh anh qua trong
anh dau vao bi che khuat mot phan, diéu kién anh sang khong thuc sy tot cling
nhu céac truong hop anh bi bién dang nhe. Pay chinh 1 cac kho khin dbi véi
bai toan nhan dang vat thé noi chung ma ta da dé cap téi trong ph?ln mé dau
ctia luan van, 1y giai cho diéu nay 13 do trong qua trinh thu thap anh ban dau

cling nhu sinh anh tu dong tir cic anh gbc, mo hinh nhan dang di dugc huin
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luyén dé nhan ra cac trudng hop twong tu. Kha ning du doan manh mé nay da
giup cho cac phuong phap Hoc sau, dac biét 1a mang huin luyén no ron tich
chap SSD tré thanh giai phap manh mé& nhét trong linh vuc nhan dang anh bay
gio.
3.5Két luan chwong

Két thiic chuong, luan van da nghién ctru, tim hiéu bai toan tu dong nhan
dang va phan loai nong san trong anh mau, va thuc hién phat trién, cai dat
phuong an giai quyét cho bai toan dua trén sy thong ké cac hudng tiép can da
dugc cong bd qua rat nhidu bai bao, cong trinh khoa hoc trén thé gidi. Cac két

qua chinh ma luén van da dat duoc, tuong img véi cac muc ti€u dé ra.
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KET LUAN

Pé tai luan van di nghién ctru vé mo hinh hoc sau nhu CNN ciing nhu
tién hanh xay dung co s& dit liéu 4nh nong san va phat trién mot hé théng nhan
dién ndng san st dung BigDL. Qua qua trinh nghién ctru va thuc hién, luan van
da dat duoc nhig két qua déng ké va d6i mat voi mot s6 kho khan.

Vi¢c xay dung co s¢ dit liéu anh nong san 1a mét budc quan trong, dam
bao ngudn dit liéu phong pht va da dang dé huan luyén va danh gia mé hinh
nhan dién. Luan vin d hoan thién qua trinh thu thap anh tir cac ngudn dit liéu
khac nhau hodc ty chup bang thiét bi ca nhan. Cac anh duoc to chirc va gan
nhan theo timg loai nong san. Piéu nay tao ra mot bd co so dit lidu day du va
c6 t6 chtrc, cung cAp ngudn dir liéu phong pht cho viéc huan luyén va kiém tra
mo hinh nhan dién ndng san. Ngoai ra, luan van da nghién ctru va théng ké cac
dac trung thuong dugce s dung trong vi¢c nhan di¢n ndng san, bao gém mau
sdc, hinh dang va két cu. Viéc nay giup xac dinh nhitng dic diém quan trong
ctia cac loai nong san va tao ra mot co so 1y thuyét cho viée phan loai va nhan
dién.

Trong qua trinh nghién ctu, ludn vin da tiép can va thir nghiém cac
phuong phép tri tué nhan tao (bao gdm ca hoc may va hoc sau) dé nhan dién
ndng san. Bang viéc sir dung md hinh BIGDL, hé thdng nhan dién nong san da
duoc xay dung va kiém thi, va két qua dat dugce da chimg minh hiéu quéa va do
chinh x4c ctia phuong phap dé xuat.

Tuy nhién, luan vin ciling d d6i mit voi mot s6 kho khin déng ké trong
qué trinh nghién ctru va thyc hién. Mot trong nhitng khé khan chinh 1a viéc thu
thap dir liéu anh ndng san. Viéc nay doi hoi su dau tu vé thoi gian, cong strc va
tai nguyén. Khong chi don thuan 1a viéc chup anh, ma con can dam bao chét
lwong anh, da dang hoa cac goc chup, anh sang va nén phu hop dé dam bao anh

chup c6 dd rd nét va chinh xac cao. Gan nhan va xu 1y dir 1iéu cling 1a mot thach
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thure kho khan trong qua trinh xay dung co s¢ dit liu. Viéc gan nhan ding va
chinh x4c timg loai nong san trong anh doi hoi sy ti mi va kién nhan. Ngoai ra,
viée xur Iy dit liéu, bao gdm tién xtr Iy anh, cit bot phan khong can thiét, diéu
chinh do sang va chuyén ddi dinh dang anh, cling doi hoéi su can than va sy hiéu
biét vé k¥ thuat xur 1y anh.

Tong hop lai, dé tai luan van di dat duoc nhitng két qua quan trong trong
viéc xay dung co s& dit liéu anh nong san, nghién clru cac dac trung va xay
dung mo hinh nhan dién. Cac két qua nay mang lai sy tién ich va Gmng dung
trong viéc phan loai va nhan dién néng san, gop phan nang cao hiéu qua va tu

dong hoa trong linh vuc ndng nghiép.



67

DANH MUC CAC TAI LIEU THAM KHAO
[1] Andrej Karpathy. CS231n Convolutional Neural Networks for Visual

Recognition - Image Classification. http://cs231n.github.io/classification/

[2] Sadrnia, H., Rajabipour, A., Jafary, A., Javadi, A., & Mostofi, Y. (2007).
Classification and analysis of fruit shapes in long type watermelon using image
processing. Int J Agric Biol

[3] Fu, L., Sun, S, Li, R.,, & Wang, S. (2016). Classification of kiwifruit grades
based on fruit shape using a single camera. Sensors (Switzerland)

[4] Seng, W. C., & Mirisaee, S. H. (2009). A new method for fruits recognition
system. Proceedings of the 2009 International Conference on Electrical
Engineering and Informatics, ICEEI 2009,

[5] Arivazhagan, S., Shebiah, R. N., Nidhyanandhan, S. S., & Ganesan, L. (2010).
Fruit Recognition using Color and Texture Features. Information Sciences, 1(2),
90-94.

[6] Zhang, Y., & Wu, L. (2012). Classification of fruits using computer vision and
a multiclass support vector machine. Sensors (Switzerland), 12(9), 12489-12505.

[7]  Naskar, S. (2015). A Fruit Recognition Technique using Multiple Features and
Acrtificial Neural Network, 116(20), 23-28.

[8] Richard Szeliski. (2010). Computer Vision: Algorithms and Applications.

[9] Jian Yang ,Chongchong Zhao, Big Data Market Optimization Pricing Model
Based on Data Quality

[10] GilPress. (2016). Visually Linking Al, Machine Learning, Deep Learning, Big
Data and Data Science | What’s The Big Data?
https://whatsthebigdata.com/2016/10/17/visually-linking-ai-machine-learning-
deep-learning-big-data-and-data-science/

[11] Lee, H., Grosse, R., Ranganath, R., & Ng, A. Y. (2009). Convolutional deep
belief networks for scalable unsupervised learning of hierarchical representations.

[12] Alexandros Agapitos, Michael O'Neill, Miguel Nicolau, David Fagan,. (2015).

Deep evolution of image representations for handwritten digit recognition.



68

[13] Dumoulin, V., & Visin, F. (2016). A guide to convolution arithmetic for deep
learning.

[14] Samer, C. H., Rishi, K., & Rowen. (2015). Image Recognition Using
Convolutional Neural Networks. Cadence Whitepaper,

[15] Jason Dai, Xianyan J., Wang Zhenhua. (2019). Building Large-Scale Image
Feature Extraction with BigDL at JD.com.

[16] https://www.deeplearning.ai/resources/natural-language-processing/

[17] Ivan Sanchez Fernandez, Jurriaan M. Peters (2023) Machine learning and deep
learning in medicine and neuroimaging.

[18] S Ren, Kaiming H, Ross G, and Jian S (2016) Faster R-CNN: Towards Real-
Time Object Detection with Region Proposal Networks

[19] Joseph R, Santosh D, Ross G , Ali F (2016) You Only Look Once: Unified,
Real-Time Object Detection

[20] Wei Liu, Dragomir Anguelov, Dumitru Erhan, Christian Szegedy, Scott Reed,
Cheng-Yang Fu, Alexander C. Berg (2015) SSD: Single Shot MultiBox Detector

[21] Jason (Jinquan) Dai, Yiheng Wang, Xin Qiu, Ding Ding, Yao Zhang,
Yanzhang Wang, Xianyan Jia, Cherry (Li) Zhang (2019) BigDL: A Distributed

Deep Learning Framework for Big Data


https://www.deeplearning.ai/resources/natural-language-processing/

