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MO PAU

Tinh cap thiét ciia dé tai

Thuc pham 12 van dé tit yéu cua cudc song, chung cung cap chat dinh dudng cho sy
phat trién cua co thé. Thyc phidm véi ché do dinh dudng hop 1y s& dam bao stc khoe con
ngudi. Nguoce lai, ché do dinh dudng bt hop 1y s& dan téi cac bénh nghiém trong nhu tim
mach, tiéu duong, béo phi... Pic biét trong nhitng nim gan day, bénh béo phi dang gia ting
nhanh chéng & moi Ira tudi, moi ting 16p va moi qudc gia, tao nén ganh ning to 16n d6i voi
su tién bo ctia toan nhan loai. Tai Viét Nam, theo Cuc Y té du phong, B0 Y té cho biét, ty 1€
ngudi truong thanh bi thira can béo phi chiém khoang 25% dan sb [1]. Trong xa hoi hién
dai, tinh trang thira can, béo phi & ngudi trudng thanh dang c6 xu hudng ngay cang pho bién
va trd thanh mot trong nhitng thach thirc 16n ddi véi chuwong trinh chiam soc stc khoe & moi
qudc gia.Nguyén nhan cin ban cia thira can, béo phi 1a do tinh trang mat cin bang vé ning
luong giita lugng calo dua vao co thé va luong calo duogc sir dung. Diéu nay cho thiy can c6
mot ché do dinh dudng khoa hoc va phit hop cho timg ca nhan dé dam trong luong co thé &
mirc can thiét. Mot hé thdng nhan dang thue phadm hang ngay véi chi phi thip, d6 chinh xac
cao 1a can thiét. Dya trén hé thong nay, chiing toi s& thuc hién xay dung tng dung quéan 1y
ché d6 dinh dudng trén nén tang di dong nham dam bao tinh c4 nhan, tu dong va dé su

dung.
Muc dich nghién ctru

Muc dich cta nghién ctru chinh ctia luan vin nham xay dyng mot hé thong nhan dang
thuc pham, dua trén hé thdng nay, chung t6i xay dung tng dung quan 1y ché do dinh dudng
nham gitp cho ngudi ding quan 1y va theo ddi ché d dinh dudng hang mét cach hiéu qua
nhat. Dit liéu thu dugc tir ing dung ciing s& gitip cac chuyén gia y té t6t hon trong viéc theo
doi va dua ra phac dd diéu tri hop 1y. Viéc nhan dang céc loai thuc phém dua trén vi¢c phan
loai hinh anh bang cac thuat toan hoc may l1a rimg ngiu nhién (Random Forest) va may hd
trg vector(SVM). Do d6, chiing t6i cAn nghién ctru va ndm virng cac kién thirc v& xtr anh va

hoc may.
Poi twong va pham vi nghién ctru

Déi twrong nghién ctru chinh cua chung t6i 1 cac thuat toan xir Iy anh, nham cung cap
tap dir liéu t6t nhat cho viéc nhan dang thuc pham. Cung véi d6 ching toi can nghién ctru va

hiéu 6 cac thuat toan hoc may la Random Forest va SVM nham duwa ra danh gia khach
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quan vé tinh hiéu qua cua hai thuat toan trong viéc nhan dang thuc phrflm tr cac hinh anh da
xtr 1y, tir 46 dwa ra quyét dinh thuat toan nao s& dugc sir dung cho hé théng va tng dung.
Trén thyc té, thuc pham hang ngay rat da dang va phong phu, rat khé cho viéc nhan
dang tham chi bang mit thuong vi dic diém bén ngoai cia chung c6 thé twong nhau nhu thit
ga va thit vit, thit bo va thit lgn. Vi vay trong khudn kho ludn van nay, chung t61 chi tap
trung vao pham vi nhan dang cac loai thuc pham twoi rau, ci, qua ¢ giai doan tién ché bién.
Phwong phap nghién ctiru
Luan van st dung thuat toan phan cum K-mean dé phan doan hinh anh, sau do thuc
hién trich chon céc dic trung nhu mau sic, SURF, két ciu, hinh dang; rut trich cac vector
dic trung (feature extractor) nham cung cép dau vao cho thudt toan SVM va thuét toan
Random Forest phuc vu cho viéc phan loai hinh anh. Cubi cung, chung t61 thuc hién so
sdnh, danh gi4 hai thuat toan vé mat hiéu nang, chi phi, d§ chinh xac dé chon ra thuat toan

t6t nhat va dua trén d6 dé xay dung hé théng nhan dang va tng dung.

CHUONG 1: TONG QUAN VE BAI TOAN NHAN DANG
THUC PHAM

Trong chuong nay chung t6i ndi vé bai toan nhan dang thuc pham va sy can thiét
phai xay dung bai todn, mot s cac nghién ctru trude day va su han ché cua nhitng bai toan
nhan dang thuc phim d6 nhim tim ra phuong phap tiép can phu hop, ching t6i ciing dua ra

cac khia canh, gid dinh va giéi han pham vi nghién ctru cho bai toan.
1.1 Bai toan nhan dang thwc pham

Ché d6 dinh dudng c6 tac dong dang ké téi sirc khoe ching ta. Cac nghién ctu trude
day [16] chi ra rang nhiéu bénh nhu cao huyét &p, tiéu duong dau da day, béo phi ... lién
quan truc tiép téi ché 6 dinh dudng ko can bang.Theo bao céo cua Hiép hoi Tim mach Hoa
Ky [3], ¢0 t6i hon 154 triéu nguoi tai Hoa Ky bi béo phi hoic thira can (chi sé co thé BMI
vuot qua 25kg/m2). Chi phi wéc tinh cho viéc quan 1y va diéu tri vao khoang 254 ty USD
trong nam 2013 va tang 1én t&i 927 ty USD trong ndm 2030, khoang 18% cac ca tir vong co
lién quan toi béo phi [24] gay anh hudng xau téi nén kinh té va y hoc. Khdng c6 ngoai 1& &
Viét Nam, theo mot bao cdo thdng ké [36] cua td chuc y té thé giéi WHO niam 2015, ty 1é
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nguoi trudng thanh bi béo phi chiém khoang 3.55% (2.3% & nam gidi va 4.8% & nix gidi)

Vi téng chi phi diéu tri hon 600 triéu USD méi ndm duogc Chinh phu chi ra.

Nguyén nhan cin ban cua thira can, béo phi 1a do tinh trang mat can bang vé ning
luong giira luong calo dua vao co thé va luong calo duoc st dung. Chia khoa cia van dé 1a
dua ra dugc ché d6 dinh dudng phu hop cho tirng c& nhan va viéc nam rd cac thanh phan
thuc pham dwgc chuan bi cho bira dn 13 mot trong nhitng giai phap quan trong cho van dé

nay.

Mot hé théng quan ly ché do dinh dudng voi chi phi thip, d6 chinh xac cao 1a can
thiét. Dua trén hé thdng nay, ching toi tién hanh xay dung @ng dung quan 1y dinh dudng
dua trén nén tang di dong nham dam bao tinh c& nhan, tu dong va dé sir dung. Dit liéu duoc
hé théng ghi lai ciing sé& gilp cac chuyén gia y té dua ra phac d6 diéu tri chinh xac hon. Loi
ich cua hé thong khong chi gitp cac bénh nhan béo phi ma con hd trg quan ly tat ca céc van

dé lién quan t&i kiém soat dinh dudng, trong luong.

1.2 Ca&c nghién ciru truwéc day

Trudce day di c6 mot sd nghién ctru nham x4y dung cac hé théng quan 1y dinh dudng.
Pai hoc Carnegie Mellon di dua ra hé thong quan 1y ché d6 dinh dudng ctia ngudi bénh tiéu
duong dua trén thuc don nham ghi lai thuc pham tiéu thu hang ngay goi tit 1a DIMA
(Diabetes Management Assistant) [5][17]. Hé thong cho phép chup anh céac bita dn va luu
vao cudn nhat ky dién tir (ghi log) thay cho viéc ghi chép thu cong.

Wellness Diary 13 mot du an nghién ctru cia Nokia Beta Labs [26][48]nham x4y dung
mdt trong nhimng ung dung di dong dau tién cho phép theo ddi stc khoe hang ngiy cua
ngudi st dungduoc viét trén hé diéu hanh Symbian Series 60 cho cac thiét bi di dong. Voi
mg dung, ngudi dung coé thé giam sat mot loat cac thong so nhur gidc ngu, trong luong, ché
do tap thé duc va dic biét 1a ché do an uéng, tat ca déu dugce thuc hién qua viéc ghi chép thu

cong.

Hién tai, MyFitnessPal [23] 1a mot Gng dung mién phi cho phép theo ddi ché d6 in
ubng, luyén tap dé xac dinh luong calor tdi wu va chét dinh dudng phu hop d6i véi ting
nguoi st dung. Mot diém dang khen ciia Gmg dung 13 viéc tu dong nhan biét duoc khoi

lwong calo cta thue phim dya trén tinh ning quét ma BarCode.
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Tuy nhién, diém han ché dang tiéc cua cac hé théng trén 13 viéc bit budc nguoi dung
phai tu ghi chép thii cong cac bita n va thuc pham tiéu thu hang ngay gy bat tién, tén kém
thot gian.

Viéc nhan dang thuc phém tu dong dua trén hinh anh 1a kha kho khan, nhiing thach
thirc hay gip phai 13 viéc thuc pham bi bién dang, chong chéo 1én nhau va cac nhiéu bat loi
tir moi truong khi thu thap. Nhitng nd luc nghién ciru trude day chi giéi han trong mot sb
loai thuc pham cu thé nhu c4, thit, cam, quyt [20]. Cac nd luc khac bi giéi han boi sy sip

xép thue pham trén dia hodc cac khay ngin chia cach chung [33][12].

Mot trong nhitng thuat toan nhan dang thuc phém dua trén viéc nhan dang hop dung
thirc an da dugc phat trién nhim muc dich diéu chinh cai dat 10 vi song theo thirc an trong
hop voi cac quy tac dugc xac dinh trude vé vi tri cua céac loai thuc phém trong hop, cac loai
thuc phadm dugc gan voi cac vi tri cu thé trong hop, goi 1a ban dd sap xép thuc pham [33] .
Tuy nhién rat it nd luc huodng t61 viée st dung nhan dang thuc phém trong cac linh vuc 16n
nhu y té va cong nghé hd trg. Mot nd luc dugc phét trién cho moi truong bénh vién dya trén
phuong phép rut trich cac dia thirc an sit dung Mang Noron dua trén thuat toan nhan dang
anh cho phép do lugng thitc an [12]. Tuy nhién, ngay ca trong truong hop nay, thudt toan
van bi gi61 han boi mién céac loai thuc phém phuc vu trong bénh vién va vi tri cua chiing

trong khay.

Phén 16n cac nghién ciru trude ddy chi tdp trung vao nhan dang thyc phim niu chin
[33][19][18] hodc thuc pham an lién [19][35]. Trong khi d6 viéc nhan dang thuc pham tuoi
song it duge quan tim hon. Vi vy ching t6i ¢ ging tip trung vao viéc nhin dang thuc
pham & giai doan tién ché bién, chung t6i tin rang viéc nay s& gitp ngudi dung chi dong
hon trong viéc lya chon céc loai thuc phrflm va ché bién chung. Ngoai ra, cac nghién ctu va
phuong phap trén ciing ko dap tng dugc nhu ciu st dung hang ngay vi chung khéng dua
trén kién tric va nén tang di dong. Chung t6i c6 gang dé thu hep khoang cach gitra sitc khoe
c4 nhan, cong nghé va ngudi sir dung bang cach dua viée giam sat dinh dudng 1én thiét bi di

dong.
1.3 Phwong phap tiép can

Chung toi d& xuat mot hé théng quan 1y dinh dudng dé giai quyét cac van dé trén.

Hinh anh thuc pham duoc ngudi dung chup bang dién thoai di dong véi dophan giai thap.
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Tur nhitng hinh anh nay, hé thong s& thuc hién phan loai thuc phdm qua cac budc tién xur 1y

anh, phan doan, trich chon dac trung va phan loai.

1.4

duoc
141
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Hinh 1.4: Giai phap quén 1y dinh dudng.

Cé&c van dé ciia bai toan nhan dang anh
Viéc nhan dang thuc phém dya trén hinh anh rat phtrc tap va cé nhiéu khia canh can

xem x¢ét hoac bé qua. Mot s6 khia canh can dugc xem xét nhu sau.
Céc khia canh chung cia bai toan nhgn dgng d@nh

Sw co gian hinh dnh:Hinh anh thuc pham c6 thé dugc chup tir cac khoang cach khac

nhau tao ra cam nhan thiéu chinh xac vé kich thudc thuc sy cta cac thuc phém.

Sw xoay anh: Hinh anh duoc chup tai cung khoang cach véi cac goc xoay khac nhau

can dugc xem xét, nétao cam giac sai I¢ch ve hinh dang cua thuc pham.

Huéng chyp: Khi thuc phdm duoc chup & cac goc khac nhau, chung co thé trong
hoan toan khac nhau véi cac cach chup tir trén xudng, trai qua phai ....Céc tinh chat

nhu day mau sdc, két cAu, hinh dang va céac dir li¢u khac co thé thay dobi dang ké.

Chdt lwong camera: Khong phai tit ca cac may di dong déu cho cung mot chét luong
anh nhu nhau. Tham chi cing mot thiét bi, tiy thudc vao nguoi sirdung ciing s& co

cac thiét 1ap khac nhau.

D6 sang khdc nhau: Pay 13 yéu t6 anh hudng 16n t6i chat lugng anh. Khong phai tat
ca cac anh déu duoc chup trong diéu kién anh sang tuong tu. Mdtsu thay ddi anh
sang nho co thé thay doi hinh anh dang ké, mau tim chup dudi diéu kién anh sang

manh kho c6 thé phan biét voi mau den. Doi khi cothé xuat hién bong gay ra sy bién
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dang cac dac trung, gdy anh hudng nghiém trong tdi qué trinh phan loai.
Céc khia canh riéng cia bai todn nhgn dagng theec pham
Vi tri thire phdm: Tht tu hinh anh ding trude, ding sau, hay chi thiy duge mot goc
ctia thyc pham. Viéc nay lam ting tinh phirc tap trong viéc xacnhan hinh anh thuc
ctia mdi loai thyc pham cé trong hinh.
Sw da dang vé hinh dang: Khong phai tit ca cac loai thuc phdm s& c6 hinh dang
gidng nhau cho mdi 1an chup. Mdi birc anh tuy chup cing mot khung canh nhung s&
cho cac hinh dang khac nhau véi méi loai thuc phém. Thuc té cung mot loai thuc
pham ciing c6 nhiéu hinh dang khac nhau.
Sw thay doi trong két cau hinh dnh: Diéu kién anh sang va diéu kién bao quan c6 thé
thay d6i két cau cta thyc pham.
Sir chong chéo: cac loai thuc pham bi sap xép chong chéo dé 1én nhau, mot sd bi che
lap gay kho khan va sai 1éch cho viéc nhan dang.
Béi canh Ién xén: thuc phém co thé duge chyp trong céc bdi canh khac nhau,
trongsiéu thi, trong bép gy ra anh nén 16n xon khién viéc phat hiéndéi tuong, loai bd
phong nén tré nén kho khan.

Cac gia dinh cia bai toan

Dua trén cac van dé da néu & trén, chung t6i chi xem xét nhitng hinh anh cho bai toan

nhan dang thuc pham véi gia dinh nhu sau:

>

Khéng cham vao doi twong: d¢ han ché kha nang ddi twong bi chong chéo, che lap,

dé dang hon cho viéc phan cum.

Chup dwoc tong thé doi twong: dé dang hon trong nhan biét d6i tuong dya trén hinh

dang, mau sac, kich thudc thuc cua chung, tinh toan dugc lugng calore chuan xéac.

Mau nén chung: mau phong nén 1a don mau, thuan tién hon cho viéc phan doan anh,

chi cin tap trung vao nhitng dbi twong dugc phat hién.
Nén nhe hon déi tirong: nham dé dang ap dung k¥ thuat loai bé phong nén.

Han ché béng t6i va dnh sang dén flash: Dé tranh truong hop cac dic trung cta thuc

phﬁm bi ton hai do xuét hién bong clua ddi tuong hodc céc diém dén flash.



1.6 Pham vi nghién cau

Trong thuc té ¢ rat nhiéu loai thuc phém voi cac dic diém vé hinh dang, mau sic,
kich thudc gibng nhau nhu trimg ga va trimg vit, cac loai thit. Dé c6 mot hé théng nhan
dang chinh x4c va truc tiép tir nhiéu ngudn nhu vdy can rat nhiéu cac trich chon dic trung
cho timg loai thyc pham va tap dit lidu rat 16n. Viéc nay doi hoi nhiéu thoi gian trong qua

trinh thu thap dit li¢u va nghién ctu.

Trong luan van nay, ching t6i chi dung lai ¢ viéc nhan dang céc loai rau, cu, qua trong
giai doan tién ché bién vai sd luong tur 8 té1 12 loai. Tap dir liéu dung dé nhan dang la céc
hinh anh duogc thu thap bang dién thoai di dong & do phéan giai thip véi sé luong tir 2000 toi
3000 anh.

1.7 Két luan chwong 1

Trong chuong nay, chiing toi trinh bay tong quan vé bai toan nhan dang thuyc pham,
thuc trang cua bénh thtra can, béo phi va céac tac dong xAu cta nd téi Viét Nam va thé gioi,
tir d6 ching t6i dua ra giai phap xay dung hé théng quan 1y dinh dudng trén nén tang di
dong nham gitp d& cac bénh nhan béo phi trong viéc kiém soat dinh dudng, trong luong va

dua ra phac d6 diéu tri thich hop.

Chung t6i cling néu ra cac han ché trong cac hé thong quan 1y dinh dudng trude day,
hau hét cac hé théng thuc hién viéc kiém soat dinh dudng mot cach thu cong thong qua viée
chép tay cac loai thuc pham, bita dn hodc tién bd hon 1a thong qua viéc quét ma barcode.
Cong viéc nhan dang thyc pham tur dong 13 kha kho khin khi gip phai cac thach thirc nhu
thuc pham bj bién di, chong chéo 1én nhau, khay dung, nhiéu tir méi truong thu thap ....Cac
nghién ciru trude ddy dudng nhu chi tip trung vao thuc phadm nau chin véi két qua han ché.
Vi vy chung t6i ¢b ging tap trung vao viéc nhan dang thuc pham ¢ giai doan tién ché bién

nham gitp ngudi ding chi dong hon trong viéc lya thyc pham.

Chung t6i c6 ging thu hep khoang cach giita strc khoe c4 nhan, cong nghé va ngudi sir
dung bang hé thong dugc dé xuat trong Hinh 1.4. Hé thdng s& thuc hién tién xu 1y, phan
doan, rut trich dic trung va phén loai anh nham tinh toan luwong calor can thiét cho ngudi sir
dung.

Vi¢c nhan dang thuc phém dya trén hinh anh rat phuc tap va co nhiéu khia canh can
dugc xem xét hodc bé qua. Chung t6i trinh bay cac khia canh chung cua bai todn nhan dang

anh, cac khia canh riéng cua bai toan nhén dang thuc pham; dya trén cac van dé nay, ching
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t6i dua ra cac gia dinh cho bai toan nhan dang thuc pham trong nghién ciru ciia chiing toi.
Chung t6i ciing giéi han pham vi nghién ciru cua bai toan gdm céc loai rau, cu, qua trong
giai doan tién ché bién voi s luong tir 8 t6i 12 loai. Tap dit liéu dugc thu thap bang dién

thoai di dong & do phan giai thap vai sé luong tir 2000 t6i 3000 anh.

CHUONG 2: PHUONG PHAP NHAN DANG THU'C PHAM

Trong chuong nay, chung t6i trinh bay cac budc va thuat toan chinh dugc st dung
trong hé thong nhan dang thuc pham: thuat toan K-mean nham phan doan anh, cac k¥ thuat
trich chon dac trung, thuat todn SVM, thuat toan Random Forest phuc vu cho viéc phan loai
anh. Phuong phap quan 1y ché dodinh dudng dugc dwa ra nhim xay dung mot hé thong

nhan dang thuc pham va quan 1y dinh dudng phu hop.

2.1 Tién xir ly anh

Trong qué trinh thu thap, anh c6 thé bi nhidu hodc do tuong phan thﬁp nén can dua vao
b tién xtr Iy dé nang cao chit lugng, 1am anh rd nét hon khong bi mat hay bi bién dang céac
tinh chit vé mau sic, két ciu. Sau khi diéu chinh anh vé kich thudc mong mubn (300x300),
chung toi tién hanh khir nhidu va mo bang cach sir dung bd loc trung vi (Median Filter). Sau
d6, anh tiép tuc dugc xtr Iy dé ting do twong phan. Viéc diéu chinh sé& gitp anh sau khi phan

doan thé hién d?ly du cac tinh chat vé mau sic két cau
2.2 Phan doan anh

Sau khi tién xir 1y, ching t6i chon thuat toan K-mean dé tién hanh phan doan dya trén
dic trung mau sic ctia anh. K-mean 13 thuat toan rat quan trong va dugc sir dung phobién
trong k¥ thut phan cum voi kha nang cai dat dé dang va do phirc tap tuyén tinh. Tu tudng
chinh cua thuit todn K-mean 1a tim cach phin nhom cac di twong da cho vao K cum (K 1a
s6 cac cum duoc xac dinh trude, K nguyén duong) sao cho tong binh phuong khoang cach
giita cac dbi twong dén tAm nhom 1a nho nhat. Giai thuat K-mean duoc trinh bay tom tit nhu

Sau:



1. Chon ngau nhién K tdm (center) caa K cum (cluster).

2. Tinh toan khoang cach tir tim toi tat ca cac dbi tueong (thuong dung khoang cach
Euclid).

3. Nhém dbi twgng vao cac nhdm gan nhat duwa trén khoang cach.

4, Cap nhat lai cac tam cua K cum, mdi tdm la gia tri trung binh (mean) cua cac
phan tir trong cum cua no.

5. Lap lai budc 2, 3, 4 cho téi khi hoi tu.

Hinh 2.3: Két qua sau khi tién hanh phan doan K-mean (K = 3).

Gia sir mau sic bé mat cua cac ddi tugng trong anh 1a mot thudc tinh khong do6i va
duoc 4nh xa vao mot khong gian 3 chiéu. Khi d6 ap dung giai thuat phan cum K-mean cho
viéc xac dinh cac cum mau, mdi cum mau cé tap cac diém anh tuong tu nhau. Trong luan
vin nay chang t6i chon tham sd K = 3, thuit toan sé& tién hanh phan cum anh va cho ra ba
két qua khac nhau, mdi két qua twong tmg véi mot mau trong anh. Két qua thu duoc cubi

cung la su két hop ctia ca ba cum tao ra mot anh da duoc loai bé phong nén.
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2.3 Trich chon dic trung

2.3.1 Pdc trung mau sic

Mau sic 1a mot dic trung ndi bat dyua trén bé mat cua cac déi twong trong anh. Moi
mot diém anh (thong tin mau sic) co thé duoc biéu dién nhu mot diém trong khong gian
mau sic ba chiéu RGB. Chung tdi tién hanh rut trich hai dic trung mau sic 1d moment mau
(color moment) va biéu dé mau (color Histogram). Ching khong bi anh hudng boi su dich

chuyén hay su xoay ctia anh va rat it bi anh hudng boi ty 1& va goc nhin [32].
2.3.2 Ddc trung SURF

SURF (Speed Up Robust Features) 1a mét trong nhitng ddc trung manh mé dugc st
dung dé nhan dang va phan loai dbi tuong trong linh vuc thi gidc may tinh, SURF dugc gidi
thiéu 1an dau tién boi Herbet Bay va nhom cong sy tai hoi nghi European Conference on
Computer Vision nam 2006 [31]. Pac trung SURF la cac tinh nang dugc mo ta dya trén
may do Fast-Hessan va da dugc chirng minh tinh hiéu qua trong xtr Iy anh m¢ (c6 kha nang
rét trich cac dic trung tir cac hinh anh bj mo). Hon nira, dic trung SURF 13 bét bién véi tinh
chat co gidn va xoay anh, nhitng dic diém nay rat quan trong trong viéc phan loai thuc

pham khi cac anh thu thap c6 thé chup véi cac goc xoay va khoang cach khac nhau.

Hinh 2.6: Cac diém ndi bat dwogc phat hign.
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Thuat toan cia SURF gom hai phan chinh 14 “phat hién” va “mo ta”. Bo phat hién
dic trung cua SURF sir dung phép x4p xi trén ma tran Hessian va anh tich hop (Intergal
Image) [27] dé nang cao hiéu ning tinh toan mot cach dang ké. B6 mo ta dic trung sir dung
vector 64 chiéu chira théng tin bién thién trén anh dya trén sy phan phdi bac nhat Haar
Wavelet tac dong trén truc x va y, két hop vé6i anh tich lity 1am ting téc d6 tinh toan.

Trong hé théng cua chung t6i, SURF-64 duoc Iya chon dé tién hanh rat trich dic
trung. M&i anh ching t6i chon 32 diém dic trung, mdi diém dic trungla mot vector SURF
64 chiéu. Nhu vy ching t6i thu dugc dic trung SURF 1a mot vector 32x64 = 2048 phan tir,
vector dic trung SURF s& dugc két hop ciing cc vector mau sac, hinh dang va két cau dé

tao nén bd vector dac trung két hop lam dau vao cho cac thuit toan hoc may.

2.3.3 Ddc trung hinh dang

Hinh dang (shape) duoc biét dén nhu mot dic trung quan trong nhan dang va phan
loai dbi tuong trong thé gi61 thuc, ma muc dich la dé ma hoa céc loaihinh hoc don gian nhu
duong thang theo cac hudng khac nhau. K¥ thuat trich xuat ddc trung hinh dang c6 thé dugc
phan loai thanh hai nhoém chinh Ia phuong phap dua vao duong bién (boundary-based) va
phuong phap dya trén khu vuc (region-based) [11].

Trong nghién ciru nay, chiing toi lya chon tam dac trung la "Area", "Perimeter”,
"Euler Number"”, "Convex Area", "Solidity”, "Minor Lenght", "Major Lenght" va
"Eccentricity” ching duoc chia vao 3 nhom chinh sau:

> "Area", "Perimeter", va "Euler Number" dugc trich xuat truc tiép tir ddi tuong.

> Tao mot vé 16i bang phuong phép quét Graham [21], d6 1a da giac 16i nhé nhat bao
quanh ddi tuong, tir d6 trich xuat duoc dic trung "Convex Area"va "Solidity".

> Tao mot hinh Elipse bao quanh ddi tuong, tir d6 rut trich dugc cac dic trung "Minor

lenght”, "Major lenght" va "Eccentricity".

1101

Hinh 2.11: Anh géc, da giac 16i va Elipse bao quanh débi twgng.
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2.3.4 Dic trung két ciu

biac trung két cau 1a mot tap hop céc chi sb6 duoc tinh toan trong xu 1y anh, n6 dugc
thiét ké dé xac dinh sb luong két cdu ciia mot anh. Piac trung két cau cung cip thong tin vé
cach to chirc khong gian cia mau sic hodc cudng do sang trong anh hoic mét ving dugce
chon [32]. Pé phan loai dic trung cau trac anh, ngudi ta thuong sir dung hai phuong phap
chinh 1a Phuong phdp dwa trén cdu tric (Structured) Vva Phirong phdp dwa trén thong ké
(Statistical).

Phuong phép dya trén cdu tric trinh bay cau trac nhu mot tip hop cac texel trong
mot md hinh thudng xuyén 1ap lai [4]. Phuong phap nay hoat dong tot khi phan tich cac két
c4u nhan tao, né t6 ra hiru ich cho viéc tong hop hon 14 phén tich anh.Phuong phap dua trén
thong ké trinh bay cac két cau gian tiép boi cac tinh chat khong xac dinh quan 1y viéc phan
phéi va quan hé giita cic mirc xAm trong anh [4], n6 phu hop véi két cdu ty nhién va tinh

toan dé dang.

Trong luan vian nay chung t6i chon Phirong phdp dira trén théng ké dé trich xuat cac
dic trung két cAu vi né phu hop véi két cau ty nhiéncua cac thuc pham tién ché bién va dé
dang tinh toan, st dung. Ching t61 thuc hién trich chon bay dac trung theo phuong phap nay
bao gom Contrast, Homogeneity,Energy va Correlation dya trén ma tran dong hién mic
xam (Co-occurrence Maxtrix). Ngoai ra ching t6i con thuc hién rat trich cac dac trung khac

la Mean, Variance va Entropy dua trén biéu d6 thong ké muc Xxam cua anh.

2.4 Phan loai hinh anh

Tir viéc trich chon dic trung, chiing ti thu dugc cac vector dic trung, mdi vector gém
bon loai dic trung la mau sic, SURF, hinh dang va két cau. T cac vector dic trung nay,
ching t61 sir dung doc 1ap hai thuat toan hoc may l1a SVM va RandomForest dé phan loai

hinh anh nhim so sanh hiéu nang cua chung va chon ra thuat toan tdt nhat cho hé théng.
2.4.1 Bai todn phdn lop

Phén 16p 1a mot tién trinh xtr 1y nham xép cac mau dit liéu hay cac d6i tuong vao mot
trong cac 16p da dugc dinh nghia trude. Cac mau dir liéu hay cac ddi tuong duoc xép vao
cac 16p dua vao gia tri ciia cac thudc tinh cho mdt mau dir liéu hay ddi tuong. Sau khi da
xép tat ca cac dbi tuong da biét trudc vao cac 16p twong tmg thi mdi 16p duge dic trung boi

tap cac thudc tinh cua cac ddi tuong chira trong 16p d6. Qua trinh phan 16p con duoc goi 1a
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qua trinh gan nhan cho céc tap di liéu. Nhiém vu cta bai toan phan 16p dir liéu 12 can xay
dung mo hinh (bd) phan 16p dé khi c6 mot dit liéu méi vao thi mo hinh phén 16p s& cho biét
dir liéu d6 thudc 16p nao. C6 nhiéu cach dé biéu dién mot mo hinh phan 16p va co rat nhiéu
thudt toan giai quyét nd. Cac thuit toan phan 16p tiéu biéu bao gdm nhu mang noron, ciy
quyét dinh, suy luan quy nap, mang Beyesian, Support Vector Machine (SVM), Random
Forest... Trong cac ky thuat trén, SVM va RandomForest 1a nhitng giai thuat hoc nhanh,

chiu dung nhiéu tbt va phan 16p hiéu qua cac tap dir liéu co sd chiéu 1on.
2.4.2 Thudt todn mdy hé tro vector (SVM)

Thuét toan may hd tro vector (SVM) [29] xay dung mét siéu phang hodc mot tap hop
cac siéu phang trong mot khong gian nhiéu chiéu hodc v6 han chiéu, c6 thé duoc sir dung
cho phan loai, hoi quy, hodc cac nhi€ém vu khéac. Muc tiéu cua thuat toan la xac dinh xem
mot diém dit liéu mdi s& thude vé 16p nao. Mdi diém dir liéu dugc biéu dién dudi dang mot
vector p - chiéu, va ta mudn biét liéu co thé chia tach hai 16p dit liéu bang mot siéu phang p
— 1 chiéu, day goi 1a phan loai tuyén tinh. C6 nhiéu siéu phang c6 thé phan loai dugc dir

liéu, mot lya chon hop 1y trong chung 1a siéu phing ¢ 1& 16n nhét giira hai 16p.

in Hl H3
o
° ’.
o
\bw
® ®
OO
Ooo
o O
X

Hinh 2.14: Puong thing tuyén tinh H,(xanh lo) va H, (dé) phan tach hai Iép dix ligu.

> SVM cho bai toan phan lép tuyén tinh
> Xdc dinh siéu phang véi 1é cuc dai
» Ky thudgt ham nhan

> Thiét lap cac tham sé
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Trong luan van ndy, ching toi st dung thuat toan tdi thiéu hoa tuan ty (Sequential
Minimal Optimization — SMO) dugc phat minh boi John Platt tai Microsoft Research
[28].SMO dugc sir dung rong réi cho viéc huan luyénSVMva dugc thuc thi bai cong
cu LIBSVM phé bién [9][22]. Chang t6i chon tham sé € = 1va ham nhan da thic
(polynomial kernel function) véi d = 1:

K(x,x") = (xTx' + 1)¢
Khi d6, ham nhan da thac 1a ham tuyén tinh va SVM 14 tuyén tinh.

2.4.3 Thudt todn rirng ngdu nhién (RandomForest)

Rimng ngiu nhién 1a mot phuwong phap phan 16p thudc tinh dya trén cac cdy quyét
dinh dugc phat trién boi Leo Breiman tai dai hoc California, Berkeley [7]. Ring ngau nhién
dugc xay dung dua trén 3 thanh phan chinh 1a: (1) CART, (2) hoc toan bo, hoi dong cac
chuyén gia, két hop cac mé hinh, va (3) tong hop bootstrap (bagging).

Rimng ngau nhién xay dung cay phan 16p bang cach lya chon ngiu nhién mot nhém
nho cac thudc tinh tai mdi nat cia cdy dé phan chia cho muc tiép theo cuia cay phan 16p,
bang cach chia nho khong gian tim kiém thanh cac cay nho hon nhu vay cho phép thuat toan
c6 thé phan loai nhanh du khong gian thudc tinh rat 16n. Ngoai ra tip miu cia mdi cdy ciing
duoc lya chon ngdu nhién bang phuong phap bootstrap tir tip mau ban dau. S6 luong cac
cdy phan 16p trong rirng 12 khdng han ché va mdi cay sé “bo phiéu” cho 16p phd bién nhat.

Giai thuat rirng cho bai todn phan 16p dugc trinh bay nhu sau:

> Cho tap huan luyén D = {(x;,y;): i =12,..,n}. Liy ra k mau
bootstrap tir tap huan luyén, mdi mau gdom m phan tr duoc chon ngau
nhién tr D. Ta c6 tap mauk = {(D)):i=12,..,k} Vvéi D; =
{(xj,yj):j =12,..,m}
> Ddi véi mbi cay trong ring k cay
o Xay dung cay phan lép T;véi tap D;duoc iy bootstrap tir D
o Tai mdi nut cua cay, chon thugc tinh tét nhat dé phan chia cay tir
tap thuoc tinh F;duoc chon ngau nhién trong tap thuoc tinh F.
o Mai cay duogc xay dung dén do sau tdi da (khong cit nhanh)
> Pua ra dy doan bang cach sir dung két qua sé dong cua céc cay (bo
phiéu).
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> Thiét Igp cac tham sé

Qua viéc thuc nghiém, ching t6i chon sé lugng cay la 300 cho qué trinh huan luyén.

S6 luong nay dam bao do chinh xac du tot va thoi gian thyc thi da nhanh.
2.5 Quan ly ché d6 dinh dudng
2.6 Két luan chwong 2

Trong chuong nay, ching toi trinh bay bén budc chinh ctia hé thdng nhin dang thuc

pham tuoi bang hinh anh. Budc dau tién ching toi tién hanh tién xir 1y anh nham loai bo
nhiéu khong mong mudn va nang cao do twong phan nham muc dich sir dung thuat toan K-
mean dé phan doan anh dau vao mot cach dé dang ¢ budc tiép theo. Tir d6 ching toi trich
chon dugc nhing dic trung ctia anh. Budc cubi cing, ching toi st dung cac vector dic
trung bao g@)m mau sic, SURF, hinh dang, kich thudc lam dau vao cho hai thuét toan hoc
may rimg ngau nhién (Random Forest) va may hd trg vector (SVM). Phuong phép quan ly
ché do dinh dudng dugc trinh bay tao co s¢ cho viéc xay dung hé théng nhan dang thuc

pham va quan 1y dinh dudng pht hop va hiéu qua.

CHUONG 3: THU NGHIEM VA PANH GIA

3.1 Tap dir liéu huan luyén
Tap dir liéu dugc ching t61 thu thap tir dién thoai di dong (Microsoft Lumia 630, SMP)
& d6 phan giai thdp nhat 1a 640x480 diém anh, ngoai ra chiing t6i ciing tién hanh thu thap
mot s6 hinh anh trén mang. Tap anh thu thiap dugc gdm khoang 2000-3000 anh cua 10 loai
thuc phém khac nhau bao gém: ca chua, ca rot, dira, dua chudt, khoai tay, kho qua, ot do, ot
vang, 6t xanh va susu dugc chiing toi phan loai bang tay vao hai nhém chinh:
> Hinh danh don thuc pham (SingleFood): mdi hinh anh chi c6 mét loai thyc pham duy
nhat. Cac hinh anh déu dap ung duoc gia dinh cua bai toan néu ra trong phan 1.5. Sb
lugng roi vao khoang 2000 anh.
> Hinh dnh da thuc pham (MultiFood): méi hinh anh c6 tir 2 loai thyc pham tro
|&n.Céc hinh anh déu dap tng duoc gia dinh cua bai toan néu ra trong phan 1.5. S6

luwong khoang 1000 anh.
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Loai thwec pham | S6 lwgng anh
Ca chua 160
Ca rét 166
Dtra 195
Dua chudt 171
Khoai tay 134
Kho qua 284
Ot do 264
Ot vang 264
Ot xanh 220
Susu 181
Tong 2039

Bang 3.1: Tap dir liéu SingleFood.

Do thoi gian han ché, chung t6i chi tién hanh nghién ctru va thir nghiém trén tip dir
ligu SingleFood g@)m 2039 anh, sd lugng cu thé mdi loai duoc ching t6i liét ké chi tiét trong

Bang 3.1.

3.2 Thir nghiém va danh gia
Ching t6i tién hanh thir nghiém va danh gia trén tap dit liéu SingleFood bang hai thuat
toan SVM va Random Forest. Sau giai doan trich chon dac trung, ching t61 thu dugc tap
cac vector dic trung dugc st dung dé huan luyén cho hai bd phéan loai. Tap cac vector dic
trung duge ching tdi chia vao 3 nhém huin luyén chinh nhu sau:
> Nhom tha nhdt: gom tap cac vector dic trung duoc thu thap dua trén 2 dic trung 1a
mau sic va SURF (Color + SURF).
> Nhom the hai: gom tip cac vector dic trung duoc thu thap dua trén 3 dic trung 1a
mau sic, SURF va hinh dang (Color + SURF + Shape).
> Nhom tha ba: gom tap cac vector dic trung duoc thu thap dua trén 4 dic trung 1a

mau sic, SURF, hinh dang va két ciu (Color + SURF + Shape + Texture).

Chung t6i st dung phuong phap kiém thir k-fold cross validation[13] véi k = 10 dé

tranh viéc trung 1ap giira cac tap kiém thir.
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Két qua thir nghiém gdém 2 d6 do 1a Precision (d6 chinh xac) va Recall (46 bao phu)
duogc tinh toan theo cong thurc sau:
Precision = TP/(TP + FP)
Recall = TP/(TP + FN)
Trong do:
TP (True Possitive): 13 s6 lwong cac vi du thude 16p C; duge phan loai chinh xac vao
16p C;.
FP (False Possitive): 12 s6 luong cac vi du khong thudc 16p C; bi phan loai nhadm vao
16p C;.
FN (False Negative): 1a s6 luong cac vi du thudc 16p C; bi phan loai nham vao céc
16p khac C;.

3.2.1 Thir nghiém va danh gia trén thudt toan SVM
Chung t61 st dung thuat toan SMO [28] duogc thuc thi bdi thu vién LibSVM [9][22]
v6i tham s C = 1 va ham nhan da thuc K(x,x") = (x"x' + 1)? : (d = 1). Két qua thu

duoc nhu sau :

SVM - Precision (%0)

100 — —
90 B - [ [
80 H| —
70 H
60 L O Color + SURF
0 Color + SURF +
40 Shape
30 H m Color + SURF +
20 H Shape + Texture
10 H
0

Ca Carét Daa Dua Khoai Khé Otdo Ot Gt Susu

chua chugt tdy qua vang xanh

Hinh 3.2: Két qua Precision khi chay thir nghiém véi SVM.
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SVM - Recall (%0)

100 _
90 — ] g Epy = = By
80 H
70 H
60 - O Color + SURF
%0 11 Color + SURF +
40 Shape
30 H m Color + SURF +
20 H Shape + Texture
10 H
0 P

Ca Cardt Da Dua Khoai Khé Otdé Ot Ot Susu

chua chuot tdy qua vang xanh

Hinh 3.3: Két qua Recall khi chay thir nghiém véi SVM.

Tir két qua trén, chiing thoi thay rang nhom dic trung thr ba bao gom mau sic,
SURF, hinh dang va két cau cho két qua phan loai tot nhat véi gia tri trung binh Precision
va Recall déu dat 93%. Trong sb ndy, ca chua va khoai tiy c6 két qua phan loai kém nhat
v&i Precision va Recall dat khoang 80%. Mau sdc ctiaca chua twong ty nhu 6t do, hinh dang
tuong tu nhu khoai tay va cac loai 6t @ mot ) g0c chup khac nhau, quan trong hon ca la dac
trung SURF cua ching khong manh do khong ¢ dic diém riéng vé hinh dang va c6 phan
tuong tu nhau, diéu nay khién viéc phan loai dé bi nham 1an. S6 con lai déu dat két qua cao
v6i Precision va Recall dat trén 90%, trong d6 dira cho két qua phan loai cao nhat do ching
c6 dic trung rat riéng biét vé hinh dang khién dic trung SURF ctia chiing manh hon céc loai

thue pham khac.
3.2.2 Thir nghiém va danh gia trén thudt toan Random Forest

Chung t6i chon s6 luong cdy 13 300 cho qua trinh phan loai, gia tri ndy dugc ching
t6i chon trong qué trinh thyc nghiém bang cach thay ddi lién tuc cac gi tri trong qua trinh

phan loai va chon ra két qua tét nhat. Két qua thu duoc nhu sau:
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Random Forest - Precision (%)
100 — — —
90 H | B
80
01 O Color + SURF
60 - olor
S0 1 Color + SURF +
40 Shape
30 -
m Color + SURF +
20 H Shape + Texture
10 H
0
Ca Cardt Dta Dua Khoai Khd Otdo Gt Ot  Susu
chua chuot tdy qua vang xanh
Hinh 3.4: Két qua Precision khi chay thir nghiém vé6i Random Forest.
Random Forest - Recall (%)
100 = BT EE—
90 [ -
80 |— —
0 Color + SURF
+
60 - O Color
0 1 Color + SURF +
40 H Shape
30 = Color + SURF +
20 Shape + Texture
10 H
0
Ca Carét Dwa Dua Khoai Khé Otdo Ot Ot Susu
chua chuot tdy qua vang xanh

Hinh 3.5: Két qua Recall khi chay thir nghiém véi Random Forest.

Thuét toan rirng ngau nhién cho két qua phan loai tét nhat voi nhém dic trung thir ba
bao gdm mau sic, SURF, hinh dang va két cAu. Gia tri trung binh cta Precision va Recall
déu dat 95%. Két qua thap nhat vin ndm & hai loai ca chua va khoai tay, v6i gia tri Recall
twong tng 1a 88% va 75%; do dac trung SURF va hinh dang cta chiing 1a tuong tu nhau nén
chiing dé bi phan loai nhdm vao cac 16p khac va nguogc lai, tuy nhién d§ chinh xac

(Precision) cua chung da duoc cai thién dang ké voi két qua déu dat trén 90%.
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3.2.3 So sdnh két qua SVM va Random Forest
Tir viée thir nghiém hai thuét toan, ching toi thiy ring nhom dic trung thtr ba bao
gdm mau sic, SURF, hinh dang va két ciu cho ra két qua t6t nhat. Ching t6i tién hanh so
sanh hai thuit toan dya trén két qua ctia nhém dic trung nay. Két qua so sanh duoc trinh

bay trong Bang 3.2 sau:

0 do Precision Recall
Loai thire pham SVM RF SVM RF
Ca chua 85.4 97.9 87.5 88.1
Dua 95.1 97 99 99.5
Dua chudt 92 95.9 94.7 96.5
Khoai tay 82.5 100 77.6 75.4
Khé qua 95.8 93 95.4 98.9
Ot do 94.7 93.1 94.7 97.3
Ot vang 95.4 91.3 94.3 99.6
Ot xanh 98.6 96.9 95 98.6
Susu 95.5 96.9 93.9 87.3
Tong 93.6 95.3 93.6 95.1

Bang 3.2: So sanh két qua chay thuwe nghiém giira SVM va Random Forest (%).

Tir bang so sanh trén, chung t6i thdy rang thuat toan Random Forest cho két qua phan
loai tot hon, dic biét 1a viéc nang cao dJ chinh xac (Precision) cua Ca chua va Khoai tay tu
85% tdi trén 97%, day 14 hai loai thuc phim c6 bo vector dic trung yéu do ching khéng c6
nhiéu dic trung SURF riéng va hinh dang 1a tuong ty nhau, dac biét mau sic va hinh dang
clia ca chua c6 thé twong ty nhu 6t d6 & mot sé goc chup khac nhau. Tuy nhién thuat toan
Random Forest da cai tién dang ké dd chinh xac nho viée tién hanh du doan dua trén két
qué s6 dong (bo phiéu) ciia cac cdy. Chung tdi ciing thay rang dic trung SURF dong vai trd
chu chét trong viéc tinh toan d6 chinh x4c va phan hoi cua ca hai thuat toan. Didu nay c6 thé
nhin thiy dé dang qua két qua phan loai ctia Dira, khd qua va céac loai 6t; ching déu chua
cac dac trung SURF rat manh.

Ngoai ra trong qué trinh nghién ctru, ching toi ciing tién hanh chay thir nghiém ca

hai thuat toan trén hé thdng thuc té dé so sanh hiéu ning thuc sy. Ching tdi st dung Matlab
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R2016a (Image Processing Toolbox, Statistic Toolbox) dé thuc hién qua trinh xur Iy anh,
phan doan, rut trich dic trung, hun luyén va nhan dang. Két qua huén luyén dugc ching t6i
luu vao cac tép tin nhi phan, trong qua trinh phan loai dir li¢u huin luyén s€ dugc doc ra tur
cac tap tin nhi phan nay nhim giam chi phi vé mit bo nh6thodi gian. Bé qua khia canh bo
nhé luu trit cua hé thdng, chung t6i chi xem xét hiéu ning vé mit thoi gian. Thoi gianchay
thuc t& duoc tinh tir lac anh dugc thu thap cho tdi khi co két qua phan loai. Két qua duogc

chung t6i thir nghiém trén 10 loai thuc pham khac nhau dugc trinh bay trong Bang 3.3 sau:

Thuét toan
Lan chay SVM RF
Lan 1 7.5 5.3
Lan 2 6.9 4.6
Lan 3 7.2 4.2
Lan 4 6.8 4.4
Lan 5 6.9 4.4
Lan 6 7.0 5.5
Lan 7 6.5 4.2
Lan 8 6.6 4.4
Lan 9 6.9 4.6
Lan 10 6.7 4.1
Trung binh 6.9 4.57

Bang 3.3: So sanh thoi chay thwe nghiém giira SVM va Random Forest (gidy).

Qua viéc so sanh do chinh xac va hiéu nang, ching t61 théy rﬁng thuat toan rung
ngau nhién cho két qua phéan loai cao hon va hi¢u nang tdt hon vé mat thoi gian thuc, vi vay
ring ngau nhién 13 thuat toan duge ching toi lya chon dé xay dung h¢ théng nhan dang. Cac
dic trung dugce hé théng str dung trong qua trinh phan loai bao gdm mau sic, SURF, hinh

dang va két cau.

3.3 Hé thdng nhan dang thuc pham
Chdng tdi tién hanh xay dung hé théng FoodAutoManage nhdm quan 1y dinh dudng ca

nhan véi kién trac duoc thé hién trong Hinh 3.6.
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Hinh 3.6: Kién tric hé théng FoodAutoManage.

Hé thong dugc chiing t6i chia 1am hai phan chinh bao gom Client va Server.

> Client: duoc chung t6i xdy dung trén nén tang di dong Windows 10 (Microsoft
Lumia 650) dua trén ngdén ngit C#. Client bao gom hai module chinh 13 Input va
Output. Input module cho phép nguoi dung thu thap anh tir camera hodc hinh anh c6
san trong thiét bi, sau d6 anh s& duoc gui téi Server dé tién hanh xr 1y. Input module
cling dong thoi tién hanh thu thap dit liéu nham ghi log cac hoat dong cia ngudi
dung, diéu nay khién viéc quan 1y dinh dudng dé dang hon, cac chuyén gia y té ciing
c6 thé dya vao dir liéu nay dé dua ra cac du doan va phac d6 diéu tri d& dang hon.
Output module cho phép Client hién thi cac thong tin két qua tra vé tir Server, hién

thi cac thuc phém duoc nguodi dung lya chon, hién thi danh sach log.

> Server: dugc chung t6i xdy dung trén nén tang PC Windows 10, ngdn ngit C# va
Matlab. Viéc két ndi va truyén dir liéu giita Client va Server duoc thuc hién thong
qua két ndi khong day TCP/IP. Module chinh cuia Server 1a FoodRecognition duoc
chung t6i thuc hién bang ngdn ngit Matlab (Matlab R2016a - Image Processing
Toolbox, Statistic Toolbox), nham thyc hién xur Iy anh, phan doan (K-mean), rat trich

dic trung, nhan dang (Random Forest) va tra két qua vé Client.

Nhu chung toi di trinh bay trong phan 3.2.3, d6 chinh x4c cua hé théng roi vao

khoang 95%. Thoi gian chay trung binh ctia mdi phién (tinh tir lic 4nh dugc giri tir phia
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Client t6i khi Server tra vé két qua) roi vao khoang 4 - 5 gidy. Nhiing két qua nay 1a kha thi

dé co thé ap dung hé théng vao thuc té.

3.4 Két luan chuwong 3

Trong chuong ndy, chiing t6i dd néu ra cach thirc thu thap dit liéu huan luyén st dung
may anh cta dién thoai di dong (Microsoft Lumia 650, 8MP) & d6 phan giai thap (640x480
pixel). Tap anh thu duoc gom khoang 2000 t&i 3000 anh cua 10 loai thuye phdm khac nhau
bao gém: ca chua, ca rdt, dira, dua chuét, khoai tay, kho qua, 6t do, 6t vang, 6t xanh va susu
dugc chung t6i phan loai bang tay vao 2 nhém chinh 1a hink dnh don thwc phim
(SingleFood — 2000 anh) va hinh dnh da thiwc pham (MultiFood — 1000 anh). Do han ché vé
mat thoi gian, chung toi chi tién hanh nghién ctru va thir nghiém trén tap dit liéu SingleFood
g6m 2039 anh duoc liét ké chi tiét trong Bang 3.1.

Két qua thir nghiém va dénh gia dugc chung toi tién hanh bang hai thuat toan SVM
va Random Forest trén tap cac vector dic trung duoc ching toi chia thanh 3 nhom huén
luyén chinh (nhém thir nhit gdm Color + SURF, nhom thir hai gdbm Color + SURF + Shape
va nhom thr ba gdbm Color + SURF + Share + Texture). Chung t6i sitr dung phuong phéap
kiém thir 10 — fold cross validation dé tranh viéc trung lap giita cac tap kiém thu. Két qua
thu duoc cho thdy Random Forest cho két qua phan loai tot hon trén nhom huan luyén tht
ba véi két qua do chinh xac va bao phu trung binh dat trén 95%, thoi gian phan loai trung
binh tir 4-5 gidy v&i sd lwong cay duge chung ti chon 1a 300.

Hé thdng nhan dang thuc pham FoodAutoManage dugc chung toi xay dung véi kién
trac dugc trinh bay trong Hinh 3.6 gdm hai phan chinh 1a Client va Server dya trén két ndi
TC/IP. Client tién hanh thu thap anh va gui vé dé Server tién hanh xur 1y, phan doan, rit trich

dic trung, phan loai anh va tra vé két qua dé ngudi dung lia chon.
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KET LUAN

Luan van tap trung vao vi¢c xay dung hé théng nhan dang thyc phém tuoi va ing
dung quan 1y ché do dinh dudng trén nén tang di dong véi chi phi thap, do chinh xéac cao, tu
dong, dé dung va mang tinh c4 nhan. Hé thdng giup nguoi dung quan 1y va theo ddi ché do
dinh dudng hang ngay, thuén tién cho qua trinh kiém soat trong luong co thé. Nhiing dit liéu
do hé thong ghi lai s& cung cap thong tin hiru ich cho cac chuyén gia y té trong viéc chim
soc va dua ra phac d6 diéu tri hop 1y cho cac bénh nhén.

Viéc xay dung hé thong trai qua cic bude chinh bao gém tién xtr 1y anh, phan doan
anh béng thuat toan K-mean, trich chon cac dac trung cua anh vé mau sic, hinh dang, két
ciu, SURF va két hop chiing nham tao ra vector ddc trung dé tién hanh phén loai. Chung toi
tién hanh chay thir nghiém hai thuat toan hoc may la SVM va Random Forest trén tap dir
liéu huan luyén nham dua ra cac danh gia, so sanh vé hiéu ning, do chinh xac cua chung
nham chon ra thuét toan t6t nhat dé tién hanh xay dung hé théng. Két qué thyc nghiém trén
tap dir liéu SingleFood cho thiy Random Forest cho két qua phéan loai cao hon véi d6 chinh
xéac va bao phu déu dat tdi 95%; thoi gian phan loai nhanh hon véi tong thoi gian tinh tir luc
anh duoc chup t&i khi c6 két qua phan loai tir 4 — 5 gidy. Két qua 1a kha thi dé ap dung hé
thong vao thuc té.

Nhitng cong viéc trén doi hoi chung t6i co cac nghién ctiru chuyén sau vé cac linh vuc
xt 1y anh, hoc mdy, phan tich, thiét ké va xay dung hé théng. Tuy nhién do nhitng han ché
nhét dinh vé mat thoi gian va kién thirc ctia ban than, luan van méi chi dung lai & muc thu
nghiém h¢ théng trén tap dir li¢u SingleFood voi ) lugng anh kha khiém tén cho viéc nhan
dang thuc pham.

Trong thoi gian t6i, chiing t6i s& tiép tuc tién hanh nghién ciru va thir nghiém hé
thong véi tap dir liéu MultiFood. Chiing toi ciing tiép tuc ting s6 lwong anh huan luyén va
dua thém vao dic trung ngit canh dé nang cao do chinh xac, ddng thoi tim cach giam sb
chiéu khong gian cta dir liéu dé nang cao hiéu ning hudéng t6i xay dung mot hé théng hoan

chinh.



