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LOI CAM DOAN

Téi xin cam doan d& an tdt nghiép ca t6i véi dé tai: “XAY DUNG UNG
DUNG DI PONG NHAN DIEN CA CANH SU DUNG TENSORFLOW LITE
VA GOOGLE GEMINI” 14 céng trinh nghién ctru cia riéng toi.

T6i cam doan cac sb liéu, két qua néu trong d@ 4n 1a trung thuc tir ddnh gi4
va thue nghiém va chua tirng duge ai cong bb trong bét ky cong trinh nao khAc.

Khong ¢6 san phim/ nghién ctru ndo ciia ngudi khac dugce st dung trong

dé 4n ndy ma khéng duge trich din theo diing quy dinh.

Ha No6i, ngay 08 thang 12 nam 2025

Hoc vién thire hién d€ an

iy

Biti Quang Minh
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LOI CAM ON

Trudc hét, toi xin bay t6 1ong biét on sdu sic dén PGS.TSKH Hoang Ping
Hai, ngudi déng hanh cing tdi tr nhitng budc 1én y tudng déu tién cho dén khi
hoan thanh d& 4n nay. Xin chin thanh cam on nhitng 101 chi bao, hudng dan cia
Thiy da gitip t6i c6 thém nhitng gdc nhin khac, kién thirc va kinh nghiém trong
qua trinh nghién ctru va phat trién tmg dung ctia minh.

To6i xin gii 101 cdm on chan thanh dén Khoa Pao tao sau dai hoc — Hoc
vién Cdng nghé Buu chinh Vién théng da tao moi diéu kién thuan loi cho tdi
trong subt qua trinh hoc tap va hoan thanh dé 4n tt nghiép.

Cuéi cling, t6i xin giri 101 cim on dén cac thiy c¢6 ciia Hoc vién Cong nghé
Buu chinh Vién thong, céc kién thie dwoc thdy/co truyén dat trong sudt khoang
thoi gian hoc tép tai trudng di tao cho toi nén tang vimg chic cho qu4 trinh hoc
tap, nghién ctu va lam viéc.

To6i xin chin thanh cam on!

Ha N6i, ngay 24 thang 11 nam 2025

Hoc vién thue hién dé€ an

Bui Quang Minh
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PHAN MO DAU
1. Ly do chon d@ tai:

Nhén dién ca no6i chung 1a mét van dé dugc quan tim nghién ctru hién nay
trong cac linh vire ndng nghiép, nudi trdng thiy san, thwong mai, v.v. Nhan dién
ca bao gém viéc xdc dinh va phén loai cé4c loai cé tir hinh anh (hodc thdm chi
video). Két qué nhén dién co thé dugc ap dung vao viéc x4c dinh nguén va loai
c4 trong dénh bét, dua ra cac giai phap chin nudi thiy san phi hop bao gdm ca
viéc cung cap ngudn thire an cho ca, v.v.

Trong linh virc nudi ca canh, viéc nhén dang loai c4 gitip cung cip théng
tin hitu ich vé cach nhan biét, chim séc c4 canh t6t nhét ciing nhu céc thong tin
chi tiét vé& ngudn gbc, dic diém, v.v. ctia timg loai ¢4 canh.

Xéc dinh va phan loai c4 1a mét vin dé& kho do su da dang sinh hoc cia
loai ¢4 va do loai c4 sinh séng trong méi trudng nude. Su xuit hién nhanh chéng
cua cong nghé hoc may va hoc sdu d3 tao ra nhitng co héi mdi cho bai toan nhén
dién loai ca.

Pé 4n tt nghiép thac s§ nay dit vin dé nghién ciru tmg dung k¥ thuét hoc
may vio xiy dung mot tmg dung di dong nhan dang ca canh. Céac vin dé cu thé
duogc datra gém: thu thép hinh anh c4 canh tir cdc ngudn khac nhau va thue hién
tién xir ly, gan nhén, xdy dung tip dit li¢u cé canh; thuc hién xdy duyng mo hinh
hoc sau, huén luyén md hinh, kiém tra va hiéu chinh mé hinh; thuc hién viéc
chuyén dbi két qua nhan dang loai c4 vao md hinh Google Gemini dé cung cap
théng tin chi tiét v& loai ¢4 canh.

V& mit ly thuyét, nghién ctru d& tai nay 1a co hoi dé hoc vién tim hiéu vé
cong nghé hoc siu va tri tué¢ nhén tao, 4p dung cac cong nghé nay vao viéc xay
dung mdt san phim tng dung thyc té. Viéc tng dung céac thuit toan hoc siu tién
tién dé phén tich hinh anh s€ gilp ngudi ding x4c dinh chinh xac loai cd mdot
céch nhanh chéng va d& dang. V& mit thuc tién, img dung nay sé dép tng mot
nhu cdu thiét thuc cta cong ddng ngudi nudi ca, tir nhitng ngudi méi bit diu cho
dén nhitng ngudi choi chuyén nghiép. Bén canh d6, tmg dung con gbép phan thic
ddy nghién ctru khoa hoc vé da dang sinh hoc thiy sinh, cung cip thém dit liéu

cho nhitng ai mong muodn tim hi€u ve€ cac loai ca, gop phan phd bién va chia sé



kién thirc vé céc loai ¢4 va bao vé da dang sinh hoc. Viéc xdy dung tmg dung
nhan dién ca canh khoéng chi 1a mdt du an cong nghé thil vi ma con mang lai
nhiéu gia tri thuc tién. V& goc @6 kinh doanh, ing dung ndy mé ra nhidu co hoi
hop tac véi cac cura hang tha cung, trai nudi ¢4 va cic td chirc bao vé moi truong.
2. Toéng quan vé vin dé nghién ctru:

Nghién ciru x4y dung tng dung di dong phéat hién va phén loai ca canh
qua hinh 4nh bing hoc méay/Al dang tré thanh xu hudng quan trong trong linh
vuc ndng nghiép s6 va thi choi thiy sinh. Véi sy phd bién cuia dién thoai thong
minh cling camera chét lugng cao, viée tdn dung cic mé hinh thi gidc may tinh
dé tr dong nhan dang loai c4 mang lai gié tri thyc tién 16n: hd trg ngudi choi ca
canh, ctra hang, nguoi nudi chuyén nghi¢p va ca céc hé théng giam sat trong hd
thong minh (smart aquarium).

Trong tim cia hudng nghién ciru nay bao gdm thu thip va xiy dung bd
dit liéu 4nh da dang cac loai c4 canh phd bién & Viét Nam va québc té, dam bao
bao quét nhiéu diéu kién anh sang, géc chup, trang théi chuyén dong. Trén co s&
dir liéu nay, cdc mo hinh hoc sdu nhu CNN, MobileNet, EfficientNet hodc Vision
Transformer duge hudn luyén dé thyc hién hai nhiém vu chinh: (1) phat hién
viing chira ca trong anh va (2) phén loai chinh xéc loai ca.

Mot thach thirc quan trong 14 vin @ nhifu hinh anh (refraction, 4nh sang
phan chiéu, bong bong), khién mé hinh can k¥ thut ting cuong dir liéu (data
augmentation) chuyén bi¢t. Ngoai ra, do img dung chay trén thiét bi di dong, viéc
t6i vu mo hinh dé giam kich thuée, ting téc dd suy luan nhung vén duy tri d6
chinh x4c 13 yéu cdu cbt 16i; cac k§ thuét nhu lugng ti héa (quantization), cit anh,
tach loc dic trung can dugc xem xét. Ung dung cho phép ngudi dung chup anh
c4 trong bé thuc té, nhan dién loai ca trong thdi gian thuc va goi ¥ thong tin sinh
hoc, cach cham séc hodc canh bao bénh thudong gip. Nghién cliru nay khong chi
c6 y nghia khoa hoc trong t6i vu méd hinh nhan dang dbi tugng dac thu dudi méi
truong nudc, ma con mang tinh tng dung cao, gop phén x4y dung hé sinh thai
thity sinh théng minh va thic diy chuyén dbi sb trong nganh nudi ca canh.

Trong d& an t6t nghiép nay, qué trinh phat trién tng dung cdc céng nghé

nhu TensorFlow, TensorFlow Lite va Google Gemini. TensorFlow dugc sir dung



trong nghién ctru va huin luyén mé hinh, cho phép trién khai linh hoat cac kién
trac hoc siu hién dai va t8i wu quy trinh tién xtr ly dit li€u. Sau khi dat dugc mb
hinh ¢6 do chinh x4c tét, TensorFlow Lite hd tro chuyén dbi m6 hinh sang dang
gon nhe, phu hop trién khai truc tiép 1én thiét bi di dong véi tbc @6 suy ludn
nhanh, tiéu thu it tai nguyén va vén hanh 6n dinh trong nhiéu dong dién thoai
khac nhau. Bén canh d6, Google Gemini ¢6 thé dugc tich hop nhu mét thanh
phin AI hd trg, ching han ding dé chu giai thong tin loai c4 sau khi mé hinh
phan loai xong, tao huéng dan cham séc ca theo thoi gian thue, hodc tuong tc
trd chuyén dé giai thich cac yéu t§ bét thuong trong hinh anh. Sy két hop nay tao
nén mot tng dung toan dién: md hinh thi gidc may tinh dam nhiém viéc nhén
dang, TensorFlow Lite ddm bdo hiéu suét trén di dong, con Gemini mang lai trai
nghiém thong minh, than thién va giau thong tin cho ngudi dung. Day la nén tang
cong nghé hira hen gitip Gng dung c6 tinh thuc tién cao, dé m& rong va twong
thich vé&i hé sinh théi AT hién dai.

Viéc x4y dung tng dung nhan dién c4 canh sit dung TensorFlow Lite va
Google Gemini mang lai nhidu trién vong trong linh vuc cong nghé va doi sbng.
TensorFlow Lite, mdt framework t51 wu héa md hinh hoc séu cho cac thiét bi di
dong va nhang, giip mo hinh Al hoat dong mugt ma trén céac thiét bj c6 hiéu suét
han ché nhu smartphone hay IoT. Khi két hop véi Google Gemini, mdt mé hinh
Al tién tién ctia Google ¢6 kha ning phan tich va nhan dién da dang céc loai dit
liéu, tng dung nay cé thé dat duogc d6 chinh xdc cao trong viéc nhan dién céc loai
ca canh.

Mot trong nhitng vu diém ndi bét clia ing dung 1a kha nang chay hiéu qua
trén thiét bj di dong nhd vao TensorFlow Lite, trong khi Google Gemini cung
cAp sy manh mé& va linh hoat trong viéc hoc héi va céi thién mo hinh theo thoi
gian. Tuy nhién, ing dung ciing phai d6i mat voi mét sb thach thirc nhu phu
thudc vao chét lugng dit 1iéu huén luyén, giéi han vé kha ning tinh toan trén cac
thiét bi cdu hinh thip, va yéu ciu cao vé k¥ thuit trong viéc cép nhat va duy tri
md hinh.

Trong thyc té, tmg dung nay cé thé duoc trién khai dé giam sét sirc khoe

¢4 canh, giup ngudi choi cd nhin dién va phén loai c4 nhanh chong, hodc hd trg



nghién ctru va bao ton cac lodi ca hiém. V&i sy phat trién khong ngling cia Al va

Google Gemini, (tng dung nay htra hen s& tr& thanh mét cong cu hiru ich va mo

ra nhiéu co hoi méi trong linh vuc nay. Tuy nhién, dé dat duge tiém ning do, can

phai giai quyét nhitng thach thirc k§ thuat va tiép tuc cai tién md hinh dya trén dix

lidu chét lugng cao.

3. Muc dich nghién ctru:

Muc dich nghién ctru cua d8 4n t6t nghiép 12 nghién ctru k¥ thuat hoc sau
tién tién va ung dung vao xiy dung mdt Ging dung di dong nhim nhan dién va
phén loai cd canh.

Mot trong nhitng trong tdm dit ra khi xdy dung ung dung di dong nhén
dién c4 canh 1a cin x4y dung mot mé hinh hoc sdu, 4p dung md hinh vao xay
dung mot tmg dung di ddng cé giao dién than thién va cung cép thong tin chi tiét
v& loai c4 canh, hudng dén 14 ngudi ban ddng hanh tin ciy ctia moi ngudi nudi ca
trong viéc hd trg nhin dién x4c dinh lodi, cung cAp thong tin chi tiét v& loai ca
canh cho nguoi dung.

4. P6i twong va pham vi nghién ciru:

- Déi twgng: M6 hinh hoc siu va tmg dung di ddng cho nhan dién va phan loai
ca canh.

- Pham vi: T4p dit liéu khoang 500 hinh anh ctia hon 20 loai c4 canh.

5. Phwong phap nghién ciru:

- Khao sat, nghién ciru céc tai liu lién quan vé mo hinh, ngu(‘*)n dit liéu,
phuong phép xtr 1y dit liéu hinh énh.

- Nghién ctru ly thuyét hoc méy, hoc siu, tri tu¢ nhén tao.

- Nghién ctru khao sit cic cong cu hd trg xdy dung md hinh hoc sdu va phat
trién tng dung di d6ng: MobileNetV2, EfficientNet Lite, TensorFlow,
Google Gemini,...

- Nghién ctru cach thirc xay dung tip dir li€u hinh anh, thyc hién tién xtr 1y,
x4y dung mo hinh hoc siu phuc vu cho viéc nhan dién va phén loai ca canh.

- Nghién ciru cach thirc xiy dung tng dung di dong nhén dién va phéan loai ca
canh.

- Trién khai thir nghiém va danh gi4 ing dung.






6. Cau tric dé an tot nghiép

Ngoai ph?m mé& dau, két ludn, danh muc tai liéu tham khao va phu luc,
Juan van gdm 03 churong nhur sau:

Chuong 1 trinh bay tf)hg quan vin dé nghién ciru, nén tang Iy thuyét dé
thuc hién nghién ctru. Céc ndi dung chinh gdm: Vin d& nghién ctru cia dé an;
Khai quéat vé bai toan phan loai hinh anh, thj gidc may tinh, mang No-ron; Céc
kién trtic mang CNN phu hgp cho thiét b di d@ng; Nén tang TensorFlow, Google
Gemini va Generative AL; C4c chi sb danh gia mé hinh.

Chuong 2 trinh bay v& phan tich, thiét ké hé théng tng dung di dong véi
cac ndi dung: Phan tich yéu cdu; M6 hinh héa hé théng; Thiét ké chi tiét cac
thanh phén Gng dung.

Chwong 3 trinh bay két qua x4y dung va trién khai thir nghiém hé théng.
Cac ndi dung chinh gdm: Mbi truong va cong cu thir nghiém; Xay dung tap dit
lidu, tién xir ly dir lidu; X4y dung ing dung di dong; Trién khai thir nghiém va

danh gia két qua.



CHUONG 1: TONG QUAN VA CO SO LY THUYET
1.1. Tong quan vé bai toan nhin dién, phin loai ci cinh

Nhén dién va phén loai c4 1a mdt van dé duogc nghién ciru rong rdi lién
quan dén cac linh vuc phan doan hinh &nh, m6 hinh nhén dang va truy xuét thong
tin. Phén loai c4 da dugc 4p dung trong vo s6 linh vuc nhu da chi ra trong [1].
Két qua khao sat cac nghién ciru vé bai toan nhan dién va phén loai c4 d3 duoc
trinh bay trong [1], trong d6 chi ra cac nghién ctru lién quan dua vao céc co sd dir
liéu ¢6 sin nhu Fish4-Knowledge (F4K), cac nghién ciru vé cac phuong phép
tién xir Iy dic trung hinh 4nh loai ¢4, cac k¥ thut trich xut dit liéu cling nhu cac
mo hinh hoe may.

Trong [2], cac tac gia cling chi ra nghién ciru m{t phuong phap nhén dién
loai ca dua vao mang No ron tich chap séu, dién hinh 13 VGG16, dao tao trudc
thong quan phuong phap hoc siu chuyén giao. Nghién ctru tip trung chii yéu vao
viéc sir dung 4 loai tép dir liéu khac nhau va khd ning tron chung trong huin
luyén nhén dang anh loai ca.

Trong [3], cac tac gia khdo sat cac phuong phdp hoc sdu dugc lua chon dé
xéc dinh loai dya trén hinh anh va gi6i thiéu cac g dung c6 san hién nay. Céc
tac gia ciing nhan manh kha ning st dung cic hé théng tri tué nhan tao trong
nhén dang loai.

Céac tac gia [4] trinh bay k¥ thudt hoc may va thi gidc may tinh co thé
duoc sir dung dé tr dong xtr Iy hinh 4nh va céc k¥ thuat nhin dang hinh dnh phu
hop theo truyén théng da dugc phat trién dé giai quyét céc vén dé cu thé,

Villon Sébastien va céc ddng sy trong [5] da trinh bay mot phuong phap
hd trg viéc xac dinh cac loai ca trén hinh &nh dudi nuéc va chiing t6i so sanh
hiéu suét mé hinh cta chung t6i v6i kha ning clia con ngudi vé tde d6 va do
chinh x4c. Ddng thoi nhém ciing chi ra cac phuong phap Deep Leaming c6 thé
thuc hién nhin dang c4 hiéu qua trén hinh anh duéi nudc va hira hen sé xay dung
cac giao thirc dua trén video moi dé theo ddi da dang sinh hoc ciia c4 véi chi phi
thap va hiéu qua.

Trong bai bao [6] nhém tic gia dé xuét phuong phap hoc sdu gém hai

budc dé phat hién va phan loai cac loai ¢4 ma khéng cén loc truée. Budce dau tién



1a phat hién tirg con cé trong mdt hinh anh, khong phu thudc vao loai va gidi
tinh sir dung k¥ thuét phat hién dbi twong You Only Look Once (YOLO). O bude
thir hai, 4p dung Mang thin kinh chuyén di (CNN) véi kién tric Squeeze-and-
Excitation (SE) d& phan loai timg con cé trong anh ma khéng cin loc trude.

Trong [7], trong su két hop ciia co ché xir Iy hinh 4nh va may hoc, nhém
tac gia xac dinh cdc loai ¢4 bi nhiém bénh do nhidu loai mam bénh khac nhau gy
ra. Cong vi€c nay chia thanh hai pha;mv. O phan thd so, qua trinh xtt 1y truée va
phan doan hinh 4nh d3 dugc 4p dung dé giam nhidu va phéng dai hinh anh.
Trong phan thi hai, thuc hién trich xut cic tinh ning lién quan dé phan loai
bénh véi sy tro gitp cia thudt toan May vecto hd trg (SVM) clia may hoc véi
chirc ndng hat nhéan.

Trong bai béo [8], nhém tac gia dén tir cac trudng dai hoc Australia va
Pakistan d& xuit mot giai phap két hop @ két hop mo hinh dong quang hoc va
hén hop Gaussian vdi mang luéi than kinh sdu YOLO, du 4n d4 loai bé dugc han
ché ctia YOLO chi sir dung dé ghi lai dugc cac trudng hop cé tinh va co thé nhin
thdy rd rang va cho phép phét hién cé di chuyén trr do va nguy trang dudi nén.

T4c gia Suxia Cui va cic ddng nghiép tai trudng dai hoc Prairie View
A&M trong [9] di d& xuét phuong phép phét hién ¢ dwa trén mang than kinh
tich chdp (CNN). T4p dir lidu hun luyén dugc thu thap tir Vinh Mexico bing
méy 4nh k¥ thuat s6. Ba phuong phép t6i ru héa di duoc ap dung cho CNN: ting
cudng dit liéu, don gian héa mang va ting tbc qua trinh dio tao. Trong do,
chuyén dbi tang cudng dir liéu cung cip nhiéu miu hoc tip hon; mang da dugc
don gian héa dé& phu hop véi mang luéi than kinh nhan tao; qua trinh dio tao
tang tbc duoc gidi thiéu dé 1am cho qua trinh dao tao hiéu qua hon vé& thoi gian.

Trong nghién ctru [10] ciia minh, tc gia Chao Zhou va cic ddng nghiép
dd nhin manh sy xuit hién va phét trién nhanh chéng clia cong nghé hoc siu.
Cong trinh nghién ciru mang lai nhitng d6t ph4 trong viéc giai quyét nhimg di
lidu phirc tap trong nudi trong thiy san.

Ung dung nhén dién cé canh 13 su két hop hoan hao giita cong nghé hién
dai va niém dam mé nudi ca. Bang cach sir dung tri tué nhén tao, Gng dung giap

ngudi ding kham pha thé gidi thiry sinh mét cach sau sac hon.



Viéc xdy dung tng dung nhin dién ca canh st dung TensorFlow Lite va
‘Google Gemini mang lai nhiéu trién vong trong linh vic céng nghé va doi sbng.
TensorFlow Lite, mdt framework t6i uu héa mé hinh hoc sdu cho céc thiét bi di
dong va nhiing, gitp md hinh Al hoat dong mugt ma trén cac thiét bi c¢6 hiéu sudt
han ché nhu smartphone hay IoT. Khi két hop v6i Google Gemini, mt mo hinh
Al tién tién cia Google c¢6 kha ning phén tich va nhén dién da dang céc loai dit
liéu, ng dung nay cé thé dat dugc d6 chinh xéc cao trong viéc nhén dién cac loai
ca canh.

Mot trong nhitng vu diém ndi bat cia tng dung 14 kha ning chay hi¢u qua
trén thiét bi di déng nhd vao TensorFlow Lite, trong khi Google Gemini cung
cép su manh mé va linh hoat trong viéc hoc hoi va cai thién mo hinh theo thoi
gian. Tuy nhién, tng dung ciing phai ddi mat v6i mot sd thach thirc nhur phy
thudc vao chét lugng dir liéu huin luyén, gidi han v& kha nang tinh toan trén cic
thiét bi cAu hinh thip, va yéu ciu cao vé k§ thuat trong viéc cap nhat va duy tri
mo hinh.

Dé 4n tét nghiép nay huéng dén nghién ciru phat trién mot ing dung di
dong ¢6 kha nang phat hién va phén loai cdc loai ca canh thong qua hinh anh
chup thuc té, phuc vu nhu ciu clia ngudi choi ¢4 canh, cra hang thuy sinh, hé
théng hd thong minh va cic tmg dung gido duc. Qua khao sit cic cong trinh
nghién ciru hién co, bai toan nhén dang c4 trong modi trudng nudc giap nhiéu
thach thirc nhw nhidu 4nh sang, phan xa mit kinh, chuyén doéng nhanh ctia ca va
do da dang cua loai. Vi vdy, viéc két hop cong nghé thi gidc may tinh, hoc siu va
céc nén tang tdi wu cho thiét bi di dong tré thanh huéng tiép can phi hop va
mang tinh tng dung cao.

Nén tang Iy thuyét cia nghién ctru dua trén cic kién thirc trong tAm vé thi
gidc may tinh, mang no-ron nhéan tao, dic bi€t 1a cic kién tric mang no-ron tich
chdp (CNN) dung cho bai toan phéan loai va phat hién dbi twong. Cac md hinh
nhu MobileNet, EfficientNet dugc xem xét nhd kha ning cén bing tbt giira do
chinh xdc va tbc dd suy luan. TensorFlow dugc sit dung trong giai doan hudn
luyén va danh gia mo hinh, trong khi TensorFlow Lite dong vai tro chinh trong

viée i wu, luong tr héa va trién khai mo hinh trén thiét bi di déng nhim dam
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bao tde do xtr Iy va tiét kiém tai nguyén. Bén canh d6, hé théng tich hop Google
Gemini va cong nghé Generative Al dé mé rong kha ning ving dyng: giai thich
két qua phén loai, cung cip thong tin sinh hoc va ché d§ cham séc, hd trg hoi—
dap tuong tac, hoic tao dit liéu mé phong dé ting cudng tap hudn luyén.

Quy trinh xay dung hé théng gdm nhidu budc lién két. Giai doan phan tich
bai todn xac dinh rd muc ti€u, pham vi va rang budc cua tng dung, d@)ng thoi
phén tich yéu céu chirc niang nhu chup dnh, nhin dang ca, hién thi thong tin va
kha ning twong tac thong minh; cing véi yéu cu phi chirc nang nhu téc do xir 1y,
d6 chinh x4c, hoat dong on dinh trén nhiéu thiét bi va bao vé quyén riéng tu di
Jiéu ngudi ding. Sau d6, hé théng duge thiét ké tong thé bao gdm kién triic tng
dung, cac thanh phan xit ly, thiét ké ludng hoat dong tir luc ngudi ding chup anh
dén khi hién thi két qua, ciing nhu giao dién truc quan, d& sir dung véi ché do
xem truc tiép tir camera.

V& mit dit liéu, nghién ctru xay dung mdt tdp anh da dang gém nhiéu loai
c4 canh phd bién trong nhiéu didu kién anh sang, goc chup va méi truong nude
kh4c nhau. Tép dit liéu dugc gan nhan thi cong két hop cac k§ thuat tién xir Iy va
ting cudng dit liéu nhu chinh sing, 1am md, md phong nudc, xoay va cdt anh dé
tdng kha ning nhan dién anh. -Sau khi chudn héa dit liéu, mo6 hinh duoc hudn
luyén bing TensorFlow, d4anh gi4 bing cac chi sd accuracy, precision, recall, F1-
score sau d6 tdi wu hoa bang lugng tir hoa trude khi chuyén dbi sang TensorFlow
Lite.

Trong giai doan trién khai tng dung di déng, md hinh TensorFlow Lite
duoc tich hop vao app Android/iOS st dung Flutter Framework. C6 thé két hop
pipeline xir Iy anh theo thoi gian thuc va mé-dun tuong tac dua trén Gemini. Ung
dung dugc thlr nghiém dé danh gia do chinh xac thuc t& va trai nghiém nguoi

ding trong bdi canh thuye té.
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1.2. Khii quat vé thi giac may tinh va mang no-ron
1.2.1. Bai toan phan logi hinh anh

Phén loai hinh anh 13 bai toan cbt 151 trong thi gidc may tinh, muc tiéu I3
4nh xa mdt hinh anh diu vao X (dudi dang ma trin diém anh) thanh mot nhan Y
thudc tap hop céac 16p da dinh nghia trude C = {cq, ¢y, .., Cn}
Trong ngit canh dé tai, diu vao 1a tensor 3 chiéu biéu dién hinh anh RGB ctia c4 canh

(H x W x 3), va déu ra 1a x4c suét du dodn P(Y = ¢; |X) cho timg loai ca (vi du: Betta,
Goldfish, Arowana). Hé théng s& chon nhiin ¢6 xéc sut cao nhat 1am két qua cudi cing.

1.2.2. Mang no-ron tich chip (Convolutional Neural Networks - CNN)
CNN 14 kién tric mang no-ron chuyén biét cho dit liéu dang luéi (grid-

like topology) nhu hinh &nh. So v6i mang no-ron truyén théng (MLP), CNN giai

quyét vin d& bung nd tham sé nhd co ché chia sé trong s (parameter sharing) v

két nbi cuc bd (local connectivity).

Feature Extraction Classification
|
f |
) Fully Connected layer
Iopat Image Convolutional Layer Pooling Layer
/ 'q\

&o»\:;@

%

{.:," /’(3“\

COutput

Hinh 1.1: Kién triic co ban ciia mot mang CNN
Céc thanh phan chinh cia CNN bao gdm:
- Lop tich chdp (Convolutional Layer): Thuc hién phép tinh tich chép giita ma
tran diu vao va cac b loc (filters/kernels) dé tao ra cac ban dd dic trung

(Feature Maps). Cong thtrc tich chép tai vi tri (i, j) duoc biéu dién nhu sau:
SALi = (1 * KNG =2 ZZ I(i + m, j + n)K(m, n)
m n

Trong d6 I 1 anh diu vao va K 1a kernel. Lép nay gitip mang hoc dugc céc

ddc trung tur thdp (canh, géc) dén cao (mét c4, vay c).
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- Ham kich hoat phi tuyén (Non-linear Activation Function): Thudng sir dung
ham ReLU (Rectified Linear Unit) d& dua tinh phi tuyén vao md hinh, gitp
mang hoc dugc cac mbi quan h¢ phire tap.

f(x) = max(0,x)

- Lép gbp (Pooling Layer): Dung dé giam chiéu dir liéu (down-sampling), gitip
giam chi phi tinh to4n va chéng hién twong qua khop (overfitting). Phé bién
nhét 14 Max Pooling (1dy gia tri 16n nhét trong ving 1an cén).

- Lop két ndi day du (Fully Connected Layer - FC): Nam & cubi mang, cac no-
ron & 16p ndy két ndi vai tét ca cac no-ron & 16p trude d6 dé téng hop dic
trung va dua ra vector dic trung cudi cliing.

- Ham Sofimax: Duoc st dung & 16p ddu ra dé chuyén dbi cic gia tri thd
(logits) thanh phan phdi x4c suit:

Zj
o(z); = K

1.2.3. Hoc chuyén giao (Transfer Learning)

Hoc chuyén giao 13 phuong phép tin dung tri thirc tr mt m6 hinh da
duge hudn luyén t6t trén tap dir liéu ngudn 16n (Source Domain - vi du:
ImageNet) dé giai quyét bai toan trén tip dit liéu dich nho hon (Target Domain -
vi du: Dt li€u ca cénh).

C6 hai chién lugc chinh trong Transfer Learning dugc dp dung:

- Trich xuét ddc trung (Feature Extraction): Giir dong (freeze) cac 16p tich chép
ctia mo hinh géc, chi thay thé va hudn luyén lai cac 16p phén loai & cudi.

- Tinh chinh (Fine-tuning): Sau khi huin luyén 16p phan loai, tiép tuc rd dong
(unfreeze) mot sb 16p tich chép cubi cing ctia mé hinh gbc va huin luyén lai
v6i tde do hoc rAt nhd dé md hinh thich nghi tét hon véi dic diém cu thé cia

loai ca.
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1.3. Cac kién tric mang CNN t6i wu cho thiét bi di déng
Viéc trién khai Al trén thiét bi di dong (Mobile AI) dit ra thach thic 16n
vé su cén bang giita d6 chinh xdc (Accuracy) va tai nguyén tinh toan (Latency,
Model Size).
1.3.1. MobileNetV2 va Khoi Inverted Residuals
MobileNetV?2 1 kién tric state-of-the-art cho cdc tmg dung di dong. Cai tién
c6t 18i ctia n6 dya trén hai khai niém:
A. Tich chip phan tich theo chiéu siu (Depthwise Separable Convolution)
Thay thé phép tich chép tiéu chudn t6n kém bing hai phép toan nhe hon:
- Depthwise Convolution: Mdi b6 loc chi 4p dung trén mét kénh mau dau vao
(Input Channel).
- Pointwise Convolution (I1x1 Conv): Két hop tuyén tinh cac diu ra cia
Depthwise dé tao ra dic trung méi.
Hiéu qud: Giam sé luong phép tinh (Computation Cost) khoang 8-9 14n so

voi tich chap thuong.

Convolution
Operation
bf DRI > Dp
> channels Dk =
p
Df
input data N FiltersiKernels Output
Depth Wise convolution
Df Dp
M
M
Df Dp
e t I | P M filters
Dk © Dk

Hinh 1.2: So sinh Standard Convolution va Depthwise Separable Convolution
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B. Khoi dw diio nguwoc (Inverted Residual Block):

Khéac v6i kién triic ResNet truyén théng (Wide -> Narrow -> Wide),

MobileNetV2 sir dung cau triic (Narrow -> Wide -> Narrow):

- Expansion (Mé& rong): Ding 1x1 Conv dé ting s6 kénh 1én (vi dy: gép 6 14n)
nhim tao khong gian biéu dién phong phi hon. Sir dung ham kich hoat
RelU6.

- Depthwise Conv: Xir Iy trich xuét dic trung trén khéng gian chiéu cao (high-
dimensional space).

- Projection (Chiéu): Dung 1x1 Conv dé nén s kénh xuéng thip lai (Linear
Bottleneck). Tai day khong sir dung ham kich hoat phi tuyén (nhu ReLU) dé

tranh 1am mAt mat théng tin.

| Add | rmnv 1xi, Linear l

! {

{ conv kxl, Lo l
f Dwice Ix3,
stridex?, Rakb
Dwnse 3x3, Relub T
Corw 121, Relub
Canw 1x1, Rehb
o
Sinde= blogk Stride=2 block

Hinh 1.3: C4u tric khdi Inverted Residual cia MobileNetV2 (Sandler et al., 2018)
1.3.2. EfficientNet-Lite

EfficientNet (Tan & Le, 2019) dé xuét phuong phap Compound Scaling
(Quy mé hdn hop) - cin bang dong thoi ba yéu t6: chidu sau (depth), chiéu rong
(width) va d% phén giai (resolution) ciia mang.

Phién ban EfficientNet-Lite dugc tinh chinh cho thiét bi bién bang cach:

- Loai bod cac khdi Squeeze-and-Excitation (SE) vi chiing hoat dong kém
hiéu qua trén cac bd gia téc phan ciing di dong.

- Thay thé ham kich hoat Swish (x . sigmoid(x)) béng ReL U6 (min(max(0,
x), 6)) d& don gian héa viée tinh toan ddu phiy dong cb dinh.
1.3.3. So sdnh Iy thuyét va Tiéu chi lwa chon mé hinh



Dé lwa chon kién triic phit hgp nhét cho bai toan nhén dién c4 canh trén thiét bi di
dong, can xem xét sy danh d6i gitta do chinh x4c va tai nguyén ti€u thu. Dudi

day 1a bang so sanh cac thong sb ly thuyét cia ba kién triic phd bién khi huén
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luyén trén tap dir liéu chudn ImageNet:

Bang 1.1: So sanh théng s6 Iy thuy#ét cic kién tric CNN

, Tham so|Kich-  thwéc|ImageNet Top-1|FLOPs

Kién tric

(Triéu) (MB) Acc (Ty)
ResNet50 25.6 ~98 76.0% 4.1
MobileNetV2

3.5 ~14 71.8% 0.3
(1.0)
EfficientNet-B0 |[5.3 ~21 77.1% 0.39

Phan tich so sanh:

1. ResNet50: Mic du la tiéu chudn vang trong thi gidc mdy tinh véi @9 én

dinh cao, nhung kich thuéc md hinh qua 16n (gin 100MB) va khdi lugng
tinh toan (FLOPs) cao gip 13 1an so véi MobileNetV2. Diéu nay khién né
khéng phit hgp cho céc g dung yéu cau phan hdi tirc thi (Real-time) trén
cc thiét bi di dong c6 dung luong pin va tan nhiét gi6i han.

. EfficientNet-B0: Mang lai d§ chinh x4c cao nhét trong nhém md hinh nhe
nhd co ché Compound Scaling. Tuy nhién, kién tric nay phuc tap hon
trong viéc tinh chinh (fine-tuning) va d6i khi gip van d& trong thich tbi
uu v6i mot s6 bd ting toc phan cimg (NPU/DSP) doi cii trén dién thoai
Android gia ré.

. MobileNetV2: Co6 su can bang tét nhit gitra hiéu nang va tai nguyén.
Diém manh nim & ciu tric Linear Bottlenecks va viéc st dung ham kich
hoat ReLU6. ReLU6 dugc thiét ké dic biét dé giam thiéu mat mat thong
tin khi thuc hién lwgng tir héa xubng 8-bit (Int8) — mot bude bit bude khi

chuyén d6i sang TensorFlow Lite.
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Két ludn lwa chon: Dua trén cic phén tich ly thuyét, dé tai lua chon
MobileNetV2 lam kién triic xwong sdng (Backbone) dé nghién ctru va trién khai.
Kién triic nay dam bao duogc yéu cu vé do tré thdp (<200ms) va kich thudc tng
dung nhé gon (<50MB), phu hgp véi muc tiéu xdy dung tng dung dai ching cho

nguoi choi ca canh.

1.4. Nén tang TensorFlow Lite va t6i wu héa mé hinh

1.4.1. Kién triic TensorFlow Lite

TensorFlow Lite khong chi 1a mdt phién ban rat gon ma 1a mét b cong cu
hoan chinh bao gom:

- Converter: Chuyén d6i mo hinh TensorFlow (SavedModel, Keras hS) sang
dinh dang FlatBuffers (.tflite). FlatBuffers 1a dinh dang tudn tu hoa hiéu qua,
cho phép anh xa truc tiép dir liu vao bd nhé ma khéng cin phén tich ct phap
(parsing) t6n kém.

- Interpreter: Trinh thong dich chay trén thiét bi (Android/iOS), thuc hién tinh
toan dd thi md hinh. N6 hd tro ting tbc phan cimg théng qua NNAPI
(Android Neural Networks API) hodc GPU Delegate.

1.4.2. Ky thuit Lwrgng tir hoa (Quantization)

Luong tir héa 13 k§ thuat nén mo hinh bing cach giam o chinh xac biéu
dién s6 hoc. Trong d& tai nay, k¥ thuat Post-training Quantization (PTQ) dugc sir
dung.

Quy trinh lugng tir héa dnh xa cac gié tri sd thue r (float32) sang sb
nguyén q (int8) thong qua cong thirc affine:

r=Sx(q—72)

Trong do: )
- S (Scale): H¢ so ty 1¢ (float32).

- Z (Zero-point): Gi4 tri sb nguyén tuong tg v&i gia tri thuc 0.

Loi ich cu thé:

- Giam bd nhd: Tham sé 32-bit giam xubng 8-bit (giam 4 14n kich thudc file).

- Ting téc d6: Céac phép tinh s hoc trén sd nguyén (integer arithmetic) tiéu
tn it ning lugng va chu ky CPU hon so véi s6 thuc ddu phdy dong.

1.5. Google Gemini va Generative Al trong truy xuét théng tin
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1.5.1. Kién triic Multimodal ciia Gemini

Google Gemini 1a mé hinh nén tang (Foundation Model) dugc huin luyén
trén tap dit liéu da phuong thirc khdng 16. Khac véi cac LLM truyén théng chi xir
ly viin ban, Gemini cé kha ning xtr Iy ddng thoi vin ban va hinh anh (Native
Multimodal).

Trong tmg dung, ching ta st dung Gemini nhu mét Knowledge Engine
(Ddng co tri thirc). Thay vi hard-code thong tin sinh hoc cla c¢é vao tmg dung,
Gemini cho phép truy xuit thong tin linh hoat dya trén ngit canh.

1.5.2. Prompt Engineering va Contextual Learning

Pé téi vu hoéa két qua tir Gemini, ky thuat Prompt Engineering dugc ap
dung theo md hinh Few-shot Learning (Hoc tir vai vi du) hodc Chain-of-Thought
(Chubdi suy luan).

Quy trinh xtr ly thong tin:

- Input: Nhin loai ¢4 du doan tor TFLite (vi du: "Symphysodon
aequifasciatus").

- Prompt Construction: Hé théng tw dong dién nhan vao khudn miu: "Véi tu
céch 12 chuyén gia thiy sinh, hdly cung cdp thong tin vé loai [Input] theo cac
muc: pH, Nhiét do, Thic an..."

- Generation: Gemini sinh vin ban dua trén xéc sudt ké tiép cia cic token.
Tham sé Temperature dwge thiét 1ap thép (vi du: 0.2) dé dam bao tinh chinh
xac va nhit quan ciia thong tin khoa hoc, tranh hién tugng "do giac"

(hallucination).
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1.6. Céc chi s6 danh gia md hinh (Evaluation Metrics)

Dé danh gia hiéu qua ctia mo hinh phan loai c4 canh, dé tai str dung céc
chi s6 sau:
- Do chinh xac (Accuracy): Ty 18 s6 anh du doan ding trén tbng sb anh.

TP + TN
TP + TN + FP + FN

- Precision (P9 chinh x4c cta 16p dy doan): Trong cac anh dugc du doén 1a

Accuracy =

loai A, bao nhiéu % thuc sur 1a loai A. Quan trong khi mudn giam thiéu bao
dong gia.

- Recall (D% phit): Trong thuc té c6 bao nhiéu anh loai A, md hinh tim ra dugc
bao nhiéu %.

- F1-Score: Trung binh diéu hoa giita Precision va Recall, ding dé danh gia
khi t4p dit liéu bi mit can biang (imbalanced dataset).

Precision X Recall

F1 = X
2 Precision + Recall

- Confusion Matrix (Ma trdn nhdm 14n): Bang biéu dién chi tiét sy nhdm 14n
gifra cac 16p ca (vi du: hay nhim C4 vang vdi Cé chép), gitip phan tich sai sét
cu thé ciia mé hinh. |

1.7. Két chwong

Chuong 1 di trinh bay co s& ly thuyét cho bai toan nhin dién va phan loai
¢4 canh dua trén hinh anh. Trudc hét, chuong gidi thiéu dac thu cta hinh anh ca
cénh trong moi trudng nude va cac thach thirc trong viée nhén dang. Tiép d6, cac
kién thrc nén tang cla thi gidc mdy tinh va mang no-ron dugc trinh bay, bao
gdm bai todn phan loai anh, mang CNN va k¥ thuét hoc chuyén giao dé tan dung
mo hinh tién huén luyén.

Noi dung chuong da gi6i thidu céc kién tric CNN tbi uu cho thiét bi di
déng nhu MobileNetV2 va EfficientNet-Lite, vbn phit hop cho viée trién khai mé
hinh trén smartphone. Nén tang TensorFlow Lite va céc ky thuat t6i uu héa, dic
biét 1a lwong tir héa, dwoc dé cip nham ning cao hiéu ning xir 1y trén thiét bi tai
nguyén thip. Bén canh d6, chuong khai quit vai trd cia Google Gemini va
Generative Al trong viéc truy xuét thong tin va hd trg ngudi dung thong qua kién

trac da phuong thirc va ky thuat Prompt Engineering. D& 4n ciing da téng hop
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céc chi sb danh gia mé hinh thudng ding nhu accuracy, precision, recall, F1-
score va mAP.
Nhitng ndi dung trong chuong 1 1a co s& ly thuyét cho cac phan phan tich,

thiét ké va xay dung hé théng & cac chuong tiép theo.
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CHUONG 2: PHAN TIiCH, THIET KE HE THONG

Chuong ndy tap trung vao phén tich va thiét ké hé théng ing dung di dong
nhan dién va phan loai c4 canh. Phin dau trinh bay phén tich yéu cau, gdm nhom
yéu ciu chirc ning nhu chup anh, phét hién va phan loai c4, hién thi théng tin
lodi va truy van qua Gemini; cing véi yéu cau phi chitc ning nhu tbe 4o xtr 1y,
d6 chinh xdc m6 hinh, kha ning mé rong va trai nghi€ém ngudi duing mugt ma.
Tiép theo, churong md hinh héa cac yéu cdu biang biéu dd Use Case dé mo ta cac
tac nhan va trong tic chinh trong hé théng.

Trong ndi dung Chwong 2, dé 4n trinh bay kién tric tong thé cia hé théng
gbm hai thanh phan: tng dung di dong phia client chiu trach nhiém xir Iy anh va
suy luan bang TensorFlow Lite, va thanh phén cloud tich hop Generative AI dé
truy xudt thong tin va hd trg nguoi ding. Phan thiét ké chi tiét mé ta ro hai ludng
xir Iy: quy trinh suy lun 4anh (TFLite Flow) tir khi ngudi diing chup dnh dén khi
¢6 két qua phan loai, va quy trinh tich hgp Gemini (Prompt Flow) hd trg tao
thong tin bd sung. Cac biéu db tudn ty dugc sit dung dé mo ta cic budc tuong tac
giita c4c thanh phin trong nhimg ludng xir Iy chinh.

Cubi ciing, d& an trinh bay thiét ké giao dién ngudi ding v6i hai man hinh
chinh: man hinh Home dé chup anh va quan sat qué trinh nhén dién, va man hinh
Result hién thi loai c4, d6 tin ciy va ndi dung duge tao boi AL Nhimg thiét ké
ndy dam bao g dung truc quan, d& sit dung v téi wu cho trai nghiém thuc té
cua nguoi dung.

2.1. Phan tich yéu ciu

Viée thiét k& hé thdng cin bt diu tir phéan tich ddy di cic yéu cdu chirc
ning va phi chirc ndng cia Ung dung. V& chirc nang, tmg dung phai hd trg thu
thap hinh anh linh hoat théng qua camera tich hgp hodc thu vién anh trén thiét bi.
Chre ning nhan dién c4 cin hoat dong hoan toan ngoai tuyén, sir dung mé hinh
TensorFlow Lite d& phat hién va phén loai loai c4 trong anh, dong thai hién thi
tén loai va do tin cdy ctia du doan. Sau khi nhan dién, hé théng phai c6 khé ning
otri thong tin loai c4 18n Google Gemini dé nhén vé dir liéu chuyén siu nhu

ngudn gbc, didu kién nudc phi hop hay tap tinh.
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Bén canh d6, cac yéu cau phi chitc ning déng vai tro quan trong trong
dim bao chit luong trai nghiém. M6 hinh suy luén phéi c6 hi€u ning dd cao dé
xir Iy anh trong thoi gian ngin. PO chinh x4c cta hé théng can dat mirc tin cay
cao, ddm bao md hinh phén loai 6n dinh trong nhiéu diéu kién 4nh sing va nén
anh phirc tap. Dung lugng md hinh sau tdi uu phai nhé dé tiét kiém tai nguyén
thiét bi va giam tiéu thu pin. Khi tich hop Al d4m may, hé théng cin duy tri thoi
gian phan hdi hop ly, déng thoi ddm bao an toan dit lidu va tinh én dinh khi giao
tiép v6i dich vu Gemini. Tap hop nhitng yéu cau nay tao nén tang cho viéc thiét
ké kién tric, giao dién va ludng xir Iy ciia tmg dung.
2.1.1. Yéu ciu chirc ning

He¢ théng duge thiét ké dé hd tro toan bo quy trinh nhan dién va tra ciu
théng tin c4 canh mét cach thuin tién va chinh xac.-Ung dung cén cung clp kha
ning thu thap hinh anh linh hoat, cho phép ngudi ding chup anh truc tiép bang
camera hogdc chon anh sin c6 tir thu vién. Chirc ndng nhén dién loai ca phai hoat
dong ngoai tuyén, sir dung mé hinh TFLite dé phat hién va phén loai ca ngay trén
thiét bi, ddng thai hién thi tén loai va do tin cdy ctia dur doén. Sau khi nhén dang,
{ng dung tich hgp Google Gemini nhim cung cép théng tin chuyén sau vé 1oai ca,
bao gdm tén khoa hoc, ngudn gbc, cac thong sb nude phi hop, thirc in va dic
tinh hanh vi. Bén canh d6, hé théng can luu lai lich str c4c 1an nhén dién dé ngudi
dung c6 thé xem lai két qua va thong tin da tra ciru. Cac chire nang nay 1a co sé
dé thiét ké giao dién, ludng xir 1y va kién tric hé théng & c4c phan tiép theo.

Hé théng can dédp tng céc chirc ning cbt 16i sau dé phuc vu ngudi dung
(ngudi choi ca canh):
1. Thu thap hinh dnh diu vao:
- Cho phép ngudi dung chup anh truc tiép tir camera trong mg dung.
- Cho phép ngudi ding chon 4nh c6 sn tir thu vién thiét bi.
2. Nhin dién loai cd (Offline Identification):
- Hé thdng phai tir ddng phat hién va phan loai loai ca trong anh ma khéng cin

két ndi Internet.

- Hién thi tén loai ¢4 va do tin cdy (Confidence Score) cua du doan.
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3. Cung cdp thong tin chuyén sau (AI Consultation):
- Gui tén loai c& d& nhan dién dén Google Gemini.
- Hién thi thong tin chi tiét vé: Tén khoa hoc, Ngudn gbe, D6 pH thich hop,
Nhiét dd nude, Thirc dn va Tinh cach cua ca.
2.1.2. Yéu cdu phi chirc ning
1. Hiéu ndng (Performance):
1. Thoi gian suy ludn (Inference time) ciia mo hinh TFLite phai dudi
200ms trén cac thiét bj tim trung.
2. Thoi gian phan hdi tir Gemini API (khi ¢c6 mang 6n dinh) nén dudi 3
gidy.
3. Pd chinh xdc (Accuracy): M6 hinh nhdn dién can dat d6 chinh xac
trén 90% d6i voi cac anh chup ro nét, da séng.
4. Tinh kha dung (Usability): Giao dién don gian, tdi gian héa thao tac
(chi cin 1-2 cham dé ra két qua).
5. Tuong thich (Compatibility): Ung dung hoat dong 6n dinh trén hé
diéu hanh Android (tir phién ban 8.0 tré 1én) va iOS (tiy chon).
2.2. M6 hinh héa yéu ciu
Tir viéc phén tich cic yéu ciu chirc ning va phi chirc ning ¢ trén, dé mo
hinh héa yéu ciu cta hé théng nhén dién ca canh, dé 4n cén xdy dung biéu db
Use Case nham thé hién mdi quan hé giira ngudi ding va cac chirc ning cdt 16i.
Actor chinh cta hé théng 13 Nguoi ding, twong tac véi bén ca sit dung: Thu thap
hinh 4nh, Nhén dién c4 offline, Tu vén thong tin Al va Xem lich st nhan dién.
Actor phu 1a Google Gemini, dong vai tro cung cip dir liu chuyén sau khi hé
théng gtri tén loai ¢4 dé truy vAn. Cac ludng su kién chinh bao gom: nguoi ding
chup hodc tai anh; hé théng thwc hién suy luAn md hinh dé phat hién loai c4; néu
nhan dién thanh céng, hé théng giri két qua dén Gemini va tra vé théng tin chi
tiét; cudi cung luru lai ban ghi lich sir cho phép ngudi dung xem lai. Biéu dd Use
Case phai mé ta ddy di cac twong tac nay, gitp lam 15 pham vi hé thdng va xac

dinh giao tiép gifta cac thanh phan.
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Trong cac phén sau ddy la mo ta chi tiét cdc ndi dung néu trén.

2.2.1. Biéu do Ca sir dung

Bidu db dudi day mo ta su twong tac gitta Ngudi ding (User) va Hé théng.

Ung dyng nhin dién ca canh

A

Ngudi dlng (User)

Nhin dién ¢4 t The vién anh

<cincludess

X 1y & CAt anh {Crop)
<dncéjde>>

Dinh danh lodi ¢d {TFLite)

w<intiudens

Hinh 2.1: So dd Use case img dung nhén dién c4 cinh
Danh séch cac Actor:
User: Ngudi sir dung tmg dung dé tra ciru thong tin ca.

Google Gemini Service: Hé théng bén ngoai cung cép tri thirc.

Dic ta Use Case chinh "Nhén dién ca™:

NS e b=

Ludng su kién chinh:

User chon chirc nang “Chon anh tir thu vién”

Hé théng hién thi Danh sach hinh 4nh trong thiét bi.
User chon mét hinh anh.

Hé théng cét (crop) va xit Iy anh.

Hé théng chay md hinh TFLite d& 1iy nhan (Label).

Hé théng giri nhan sang Gemini dé 13y thong tin chi tiét.
Hé théng hién thi két qua tdng hop.

—

Google Gemini Service

Tién didu kién: Ngudi ding d3 mé tmg dung va cip quyén Camera/Thu vién.
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2.3. Thiét ké kién triic hé théng
2.3.1. So db kién triic tong thé hé thong

Pé tai st dung kién tric Hybrid Al Architecture (Kién tric Al lai), tin
dung vu diém cua ca Edge Computing (Pién toan bién) va Cloud Computing
(Dién todn d4m may) nhur biéu thi trén hinh 2.2.

Kién trac ciia hé théng dwoc thiét ké theo mé hinh client—cloud lai nhim
dam béo vira tbi wu hiéu nang xu ly tai chd, vira tin dung duoc sirc manh md
hinh Al 16n trén ddm mdy. O phia Client (Mobile App), toan bd qué trinh xir Iy
anh va nhén dién loai ¢4 dugce thuc hién hoan toan offline, bao gém 16p giao dién
UI dé tuong tac v6i ngudi ding, mo-dun xt ly anh dé chuén hoa dit liéu dau vao,
va dong co suy ludn st dung TensorFlow Lite Interpreter dé tai mo hinh .tflite va
du doan nhén nhanh, tiét kiém tai nguyén. Sau khi nhén dién xong, tng dung chi
guri tén loai ca qua Internet t6i thanh phin Cloud, noi Google Gemini API tiép
nhan thong tin va sinh ra mo ta sinh hoc chuyén sdu. Viéc phén tach chirc ning
nhu vdy giup hé théng hoat dong 6n dinh dit khong c6 Internet, giam do tré khi
suy ludn, ting tinh riéng tu ciia dnh nguoi dung, dbng thoi vin cung cip thong tin

phong pht nh& sttc manh ctia md hinh Al nén tang.

Client (Mobile App)

Image Processing

Ul Layer
(F!utter/ Native)
Module 1

internet

Y

Cloud

{miseir tac)
224 %224 px /el

L.

Inference Engxne
TensorFlow Lite

Interpreter
{onutoffline)

Google Gemini APl

(Van ban -> Théng tin
sinh hoc)

Hinh 2.2: So' dd kién tric hé thong
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2.3.2. Thanh phén Client (Mobile App)
Day 1a noi dién ra twong tac chinh va xir Iy mé hinh thi giic mdy tinh.
- UI Layer (Flutter/Native): Quan ly giao dién ngudi dung.
- Image Processing Module: Thue hién Resize anh vé kich thudc input ciia md
hinh (vi du: 224 x 224), chuin héa pixel vé khoang [0, 1] hodc [-1, 1].
- Inference Engine (TFLite Interpreter): Nap file .tflite va thuc hién du dodn
nhan. Thanh phin nay hoat dong hoan toan Offline.
2.3.3. Thanh phan Cloud (Generative Al)
Google Gemini API: Tiép nhan diu vao 12 vin ban (Tén loai c4) va tra vé
ndi dung mé ta sinh hoc duoc dinh dang sin (Structured Text).
Thanh phén nay yéu ciu két ndi Internet.
2.4. Thiét ké chi tiét ludng xir Iy
Thiét ké chi tiét cac ludng xr Iy ctia hé théng cAn mé ta rd rang cach dix
lidu di chuyén giita cac thanh phan va cach timg buéc dugc thuc thi. Pdi v6i quy
trinh xtr I anh va suy luan (TFLite Flow), hé théng phai bat ddu tir anh gbc (Raw
Bitmap), sau d6 thuc hién center crop dé ldy ving trung tdm tranh méo hinh,
resize vé kich thudc chuin cua mé hinh MobileNetVZ,_tiép tuc normalization
chuyén gia tri RGB tir 0-255 sang Float32 trong khoang [-1, 1], tao Tensor dua
vao Interpreter dé suy ludn, rdi post-processing nhim tim chi s nhén du dodn va
anh xa ngugc sang tén loai ca. V6&i quy trinh tich hgp Gemini (Prompt Flow),
ung dung sé& xay dung mét prompt dong dua trén tén loai ca da nhan dién, giri téi
Gemini API va yéu cau phan hdi dudi dang JSON dé d& phan tich va hién thj truc
quan. Thiét ké chi tiét ciing cin mé ta biéu dd tuan ty (Sequence Diagram) thé
hién twong tic gitta ngudi ding, ung dung, TFLite va Gemini. Cudi ciing, phin
giao dién ngu&i ding phai dugc md ta cu thé vé ciu trac man hinh, cach hién thi
két qua va ludng diéu huéng nhim dam bao trai nghiém truc quan va nhét quan.
2.4.1. Quy trinh xir ly anh va suy Iugn (TFLite Flow)
Pé dam bao md hinh hoat dong chinh xac, dnh dau vao tir camera (thudng
c6 do phéan giai cao) phai trai qua quy trinh bién ddi nghiém ngit khop voi quy

trinh huén luyén:
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1. Input: Anh gbc (Raw Bitmap), vi du 1920 x 1080

2. Center Crop: Cit 14y phén trung tdm hinh vudng dé tranh méo anh.
3. Resize: Thu nhé vé 224 x 224 (kich thude chudn cia MobileNetV2).
4. Normalization: Chuyén dbi gi4 tri mau RGB (0-255) sang Float32.

. Pixelgq — 127.5
Pixel,ew = 1775

(Chuén hoa vé khoang [-1, 1]).

5. Inference: Dua Tensor vao Interpreter -> Output la mang xac sut
(Probability Array).

6. Post-processing: Tim chi s6 (index) c6 gia tri 16n nhit (ArgMax) va anh
xa sang file labels.txt dé I4y tén loai c4.

2.4.2. Quy trinh tich hop Gemini (Prompt Flow)

Sau khi ¢6 tén loai ca (vi du: "Astronotus ocellatus" - C4 Heo Lira), hé théng
s& xay dung mot Prompt dong dé giri téi Gemini.

Mau Prompt thiét ké:

"Ban 14 mdt chuyén gia sinh vat canh. Hay cung cAp thong tin vé

lodi ca: {Fish Name}. Tra vé két qua duéi dinh dang JSON véi céc

trudng sau:

- ten_tieng viet: String

- do_ph: String (vi du'6.0 - 7.5")

- nhiet_do: String (vi du 24 - 28 46 C')

- thuc_an: String

- luu_y khi_nuoi: String (ngin gon trong 50 tir)"

Viéc yéu cau tra v& JSON gitp tmg dung dé dang phén tich (parse) va
hién thi 1én giao dién dep mét hon 13 vin ban tho.
2.4.3. Biéu db tuin tw (Sequence Diagram)

Trong qué trinh thiét ké hé théng, biu dd tudn tr (Sequence Diagram) 1a
thanh phdn quan trong nhim mé ta ro rang cach cac ddi tuong tuong tac theo
trinh ty thoi gian. Biéu @b cin thé hién ddy du chudi hanh dong bét dau tir khi
User chon chitc ning “Chon anh tir thu vién”, hé thdng hién thi danh sach anh va

ngudi dung chon mét hinh. Anh gbc sau d6 duoc truyén vao BO xtr ly anh, noi
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thuc hién céc budc crop, resize va chuén hoa tru6e khi tra vé input tensor phuc
vu suy ludn. Tiép theo, mé hinh TFLite duoc kich hoat dé dy doan nhan loai ca
va tra vé nhan cing d tin cdy. Ung dung ding nhan nay giri yéu ciu d¢én Gemini
dé truy xuét thong tin chi tiét, nhén lai dir liéu mé ta va cudi cing tdng hop, hién
thi két qua 1én giao dién. Biéu dd tuan tu gitip minh hoa rd rang dong chay dit
liéu va sy phéi hop giira cac thanh phin, 14 co s& bao dam hé théng hoat dong

chinh x4c va théng nhét.

Ungdung | I B85 xIFy anh | MG Finh TrUte Gemini

] ] [] |

User i : : ;
! 3 i 1

i H } }

1 } 1 i

PO W H i }

1. Chon chirc ning *Cher anh tr r vite” i i H
2 3 i }

gt } ¢ }

¥ j i i

: ' ! i }

: i }
gﬁ%nﬂédwmséc?xhinhémtﬁﬁ\iélb: 1 H H
$ i i

0] i i )

i | i i

{ 3 i }

3.Chgomithishdnh cythd ; § ;
' g ] : ]

1 i 1 i

i i i |

§ 1 i i

| | | |

: 4.Giri anh gic it ; .

1] g & 1 H

i 1 1 i

i 1 } 1

Y § . ;5. Cat, resize, chulin hod § §

g i : : :

H H H

i ; i

i : '

! 8. Tra v hinh dnh fnpot tensor 4 ; ;

a u ; i

1 1 1 i

i { P i

1 1 1 1

i 1 i t

t 7. Thyt i suy udn i nt H

T i

U i o i

t i $ +

1 i ) ! ¢

[~ 1 8. Travhnhin, 45 Gnoly ¥ {

L= ' 8| i

1 ¢

1 { 1 i

t { § i

i { t 1

] 1 2. Giri Promt, t6n lodi o4 : 1

L § : “H

i 3 t 1

¥ H H H

L. P10, Tea v thbng Sin chi 58t H i

12 1 f u

} 3 t 3

11. Hiin thj k8t qud t8ng hop 5 ; : H
= xu x ¢ H 3

Hinh 2.3: Biéu d tuin tw quy trinh nhin dién
Biéu db duéi ddy tom tit toan bd vong doi cia mot 14n nhan dién:
1. User chon chirc ning “Chon anh tir thu vién”
2. Hé théng hién thi Danh sach hinh 4nh trong thiét bi.
3. User chon mét hinh anh.

4. Ung dung giri anh gbc cho B6 xir Iy anh
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5. B0 xtt Iy anh cit (crop), thay ddi kich thuée (resize) va chuin hoa.
6. Tra vé hinh anh duéi dang input tensor
7. Hé théng chay mé hinh TFLite dé 1iy nhan (Label).
8. M6 hinh TFLite tra v& nhén va do tin cdy
9. Ung dung gii nhin sang Gemini dé 14y thong tin chi tiét.
10. Gemini tra vé thong tin chi tiét cho tmg dung
11. Hé théng hién thj két qua tdng hop.
2.5. Thiét ké giao dién ngwdi dung (UT Design)

Phén thiét ké giao dién ngudi diing cia img dung tip trung vao su tbi gian,
tryc quan va tbi wu trai nghiém thao tdc nhanh. Man hinh chinh (Home Screen)
dugc bb tri voi mot nit 16n “Nhan dién ngay” dit & vi tri trung tAm nham din
nguoi duing mé camera tic thi, kém theo mét nat phu “T4i anh 1€n” dé chon anh
tir thu vién. Dué6i hai nit chitc ning 14 danh sach cudn ngang hién thi “Lich sir
nhan dién gin day”, giup ngudi ding nhanh chéng xem lai céc lodi c4 da timng
duge phéan loai. Trong khi ¢6, Man hinh két qud (Result Screen) dugc thiét ké
theo bd cuc ba phén: phin trén (Header) hién thj anh d4 chup hoic tai 1én; phén
gitta (Instant Result) thé hién tén loai c4 vai font chir 16n, ddm va mot thanh
“Confidence bar” trurc quan; phan duéi 1a khu virc thong tin ning cao tir Al (Al
Insights), c6 hién thj skeleton khi dang tai dit liéu. Khu vyc nay dugc chia thanh
ba tab: tab “M&di treong” cung c:?i_p céc thong sd nhiét do, pH kém icon minh hoa;
tab “Cham s6c” md ta ché do an va tinh cach; va tab “Tu vAn” hién thi 1o
khuyén chuyén sau do Gemini tao ra. Thiét ké nay dam bao trdi nghiém lién
mach, d& quan sat va phtt hgp véi théi quen ngudi dung di dong.

Cé4c man hinh chirc ning chinh cia giao dién ngudi ding gdm: Man hinh
chinh, man hinh két qua. Giao dién ngudi ding va man hinh két qua duge thiét
ké vé6i bd cuc chinh nhr sau.

2.5.1. Man hinh chinh (Home Screen)
- Nt 16n: "Nhén dién ngay" (Mé& Camera).
- Nut phu: "Tai anh 1én" (M& Gallery).

- Danh sach cu6n ngang: "Lich sit nhan dién gin day".
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2.5.2. Man hinh két qui
- Phén trén (Header): Hién thi anh vira chup.
- Phén gifra (Instant Result): Tén loai c4 (Font 16n, d&m) va thanh Confidence bar.
- Phén duéi (Al Insights - Loading skeleton khi chd):
+ Tab "Mbi trudong": Hién thi Nhiét d6, pH (icon nhiét ké, giot nudc).
+ Tab "Cham séc": Hién thj Thic an, Tinh cach.
+ Tab "Tu vn": Loi khuyén tir Gemini.
2.6. Két chwong

Chwong 2 da trinh bay mét cach hé théng va toan dién cac bude nén tang
dé xay dung tmg dung nhin dién va phan loai ca canh trén thiét bi di dong.

Trude hét, qua trinh phén tich yéu ciu dd xac dinh rd cdc chirc ning cbt
16i ciia hé théng—+tir thu thap anh, xtr Iy va suy ludn bing TFLite, dén truy xuét
thong tin nang cao qua Gemini—cung cic yéu cau phi chirc ning nhir hiéu ning,
do tr& suy luan va tinh 8n dinh. Tiép theo, phan mé hinh héa yéu ciu va biéu db
ca st dung gitip hinh dung mdi quan hé giita ngudi diing va hé théng, 1dm 15 ranh
gi6i trach nhiém ciia timg tac nhan va ludng trong tic chinh.

Thiét ké kién tric tng thé dugc xdy dung d3 mé ta cdu tric Gng dung
theo hai thanh phén chinh: Client hoat dong offline v§i moé hinh TFLite va dich
vu Cloud Gemini dam nhiém xir Iy ngdén ngit va sinh thdng tin ning cao. Cac
thanh phin chic ning nhu Ul Layer, Image Processing Module, Inference
Engine va Gemini API dugc phéin ri 16 rang, ddm bao kha ning mo rong va bao
tri. Phén thiét k& chi tiét ludng xir 1y, bao gdm quy trinh xir Iy anh, lubng gii
prompt dén Gemini va biu db tudn ty, thé hién cu thé cach dit liéu di chuyén
trong hé théng theo trinh tu thdi gian, ddm bdo sy mach lac va logic trong hoat
dong.

Dé 4an ciing d3 dua ra thiét ké giao dién ngudi ding, phéc hoa mét UI truc
quan, hién dai va than thién, gém man hinh chinh véi céc chirc nang trong tdm va
man hinh két qua hién thi thong tin phan loai ciing dit liéu Al nang cao.

Trong chwong tiép theo, d& 4n s& trinh bay phin xiy dung va trién khai

thtr nghiém hé thdng dura vao céc yéu ciu va kién triic da chi ra trong chuong 2.
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CHUONG 3:
XAY DUNG VA TRIEN KHAI THU NGHIEM HE THONG

Buédce xay dung va thir nghiém hé théng tap trung vao toan bd quy trinh
trién khai mo hinh va mg dyng trén méi truong thuc té. Trudc hét, nhém cong
cu va mdi truong thuc nghiém duge thiét 1a8p bao gbm GPU NVIDIA Tesla T4
trén Google Colab, Python, TensorFlow 2.x, Keras cho huén luyén mé hinh,
cung Flutter SDK, Android Studio va Visual Studio Code dé phat trién img dung;
cac thu vién nhu tflite flutter va google generative ai dugc st dung cho suy
ludn cuc bd va tich hgp Gemini. Dit li¢u duogc thu thip tir nhiéu ngudn nhu
Kaggle, Open Images va anh chup thuc té, sau d6 duoc ting cudng bing
ImageDataGenerator v4i cac k¥ thudt rescale, xoay, dich chuyén va 14t 4nh nham
cai thién kha ndng khai quat héa. Mo hinh duoc hudn luyén theo chién hrge
Transfer Learning, gdm giai doan trich dic trung bing Base Model va tinh chinh
ph?m Classification Head. Sau khi c6 két qua huén luyén, mé6 hinh dugc 61 wu
hoa va dong géi sang dinh dang TFLite phuc vu suy luin offline. Tiép do, qua
trinh x4y dung tng dung di dong dugc tién hanh véi viée trién khai module nhan
dién cuc bd bing TFLite, module tich hop tri thirc tir Gemini, cing giao dién
nguoi dung hoan chinh. Cubi cing, tmg dung duge chay thir va danh gid nhim
kiém tra d0 chinh x4c, tdc @0 suy ludn va trai nghiém ngudi dung.

Phan cubi chuong trinh bay cic két qua thuc nghiém thu dugc sau qua
trinh huén luyén mé hinh va trién khai tmg dung. Céc dénh gia dugc thyc hién
trén hai khia canh chinh: hiéu ning k¥ thudt cua md hinh nhén dién (Model
Performance) va trai nghiém nguoi diung trén ng dung thuc té (Application

Usability).
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3.1. Méi trwong va cong cu thir nghiém
Pé dam bao tinh nhit quan va kha ning tai lap két qua, d& tai dugc thuc
hién trén moi trudng phan cimg va phin mém véi cac thong s6 k¥ thuat nhu sau:

Bang 3.1: Cu hinh méi trwong phat trién

Thanh phin Cong cu / Théng sb Muc dich sir dung

GPU NVIDIA Tesla T4 Tang tdc qua trinh hudn luyén mo

Phén ciing
(Google Colab) hinh Deep Learning.

Python 3.9, Dart (Flutter X ly dir liéu, huén luyén m6 hinh va
Ngon ngit
SDK) 13p trinh ng dung.

X4y dung kién tric mang
Framework | TensorFlow 2.x, Keras
MobileNetV2 va Transfer Learning.

Mobile tflite flutter, Trién khai mé hinh xubng thiét bi va
Libs google generative ai két ndi LLM.

Visual Studio Code, Android |MGi trudng 1ap trinh tich hop va gia

IDE .
Studio 13p thiét bi.

3.2. Xy dung va tién xit Iy dir liéu

3.2.1. Thu thip va té chirc dik li¢u

Dir liéu ddu vao déng vai trd quyét dinh d&én hiéu sudt va kha ning tdng quat hoa
ctia md hinh hoc sdu. Dé x4y dung mét bo dit lidu chét luong, tién hanh thu thap
tir ba ngudn chinh, két hop gitra cac bo dit liéu chudn quéc té va dir liéu thuc té
tai dia phuong:
- Dit lidu tir nén tang Kaggle: khai thac va trich xuét cac hinh anh phu hop
tir cac bo dir lidu ndi tiéng nhur:
+ "A Large-Scale Fish Dataset": Cung cép cac hinh anh ca vé6i d6
phan giai cao, tip trung vio cic dic diém hinh thai hoc. .
+ "Fish Identification Dataset": Chita nhiéu bién thé vé géc chup
va mdi trudong anh sang khac nhau cia cac loai ca canh phd bién.
- Dit liéu tir Open Images Dataset (V7): sir dung cong cu truy véin dé loc

cac hinh anh thudc 16p "Fish" va cac 16p con (sub-classes) nhu
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"Goldfish'", "Shark", va "Marine invertebrates" (chi Ioc 14y cac loai
c4 canh twong tmg). Ngudn ndy cung cip cdc hinh anh cé trong méi
truomg tw nhién va bé nudi phic tap, gitip mo hinh ting kha ning nhan
dién vat thé trong didu kién co vat can.

- Dir liéu thu thap thwe té: Pé dam bao tinh ing dung cao tai thi trudng
Viét Nam, thuc hién di truc tiép ghi hinh va chup anh tai cic cira hang ca
canh va céc cdu lac b thity sinh. Ngudn dit liéu nay giip mé hinh thich
nghi t8t v&i cac diéu kién thuc té nhu: khiic xa anh sang qua kinh, nuéc
duc, va céc loai dén chuyén dung cho bé ca (dén hdng, dén actinic).

- Quy mé va Phian bb dir li¢u:

+ S6 lwong: Téng cong 664 hinh inh di dugc lam sach va chuin
hoéa.

+ Phan loai: Dir liéu bao gdm 23 I6p (classes), tuong (g v6i 23
loai c4 canh phd bién (nhu C4 Betta, C4 Vang, C4 Dia, C4 Rong,
Ca Phuong Hoang...).

+ Tb chire dir li€u: B dit liéu dugc chia theo ty 1€ 80:20, cu thé:

o Tép huén luyén (Training set - 80%): Dung dé huén luyén
céc tham sb cia mang MobileNetV2.

o Tap kiém thir (Validation set - 20%): Ding dé danh gia
doc 1ap hidu suit cia mo hinh, ¢&dm bao md hinh khong bi

hién twong qué khop (overfitting).

3.2.2. Ky thudt ting cuwong dir liéu (Data Augmentation)

Do han ché vé sé Iugng mAu dit liéu cho méi loai c4, dé tai 4p dung k¥
thuat Data Augmentation dé tao ra cic bién thé nhén tao cia anh gbc. Phuong
phap nay gitp moé hinh hoc duge céc dic trung bét bién (invariant features) va
giam thiéu hién tuong quéa khép (Overfitting).

Cac phép bién dbéi hinh hoc dugc 4p dung théng qua 1dp
ImageDataGenerator cua Keras bao gbm:

- Rescale: Chuén hoa gi4 tri pixel v& khoang [0,1].
- Rotation: Xoay anh ngiu nhién trong khoang 20 do.
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- Shift: Dich chuyén khung hinh theo chiéu ngang/doc (20%).
- Flip: L4t anh theo chiéu ngang (md phdng ca boi ngugc chi€u).
train_datagen = ImageDataGenerator(
rescale=1./255,
rotation_range=28¢,
width_shift_range=8.2,
height_shift_range=8.2,
shear_range=8.2,
zoom_range=8.2,
horizontal flip=True,
fill_mode='nearest'

}
Hinh 3.1: CAu hinh tham s cho qu4 trinh ting cwong dit liu

3.3. Huén luyén mé hinh nhén dién (Model Training)
3.3.1. Ciu hinh kién triic mang

Pé tai st dung phuong phap Transfer Learning (Hoc chuyén giao) trén
kién triic MobileNetV2. Pay la kién trac t5i uu cho thiét bi di dong nhe sir dung
cac 16p tich chap tach biét chiéu sau (Depthwise Separable Convolution).

Quy trinh x4y dung mé hinh bao gdm cac buéc:

- XAy dung mo hinh co sé: Base Model: Str dung MobileNetV2 da huén luyén
trén ImageNet, loai bo 16p Fully Connected (Top layer). Déng bang (Freeze)
toan bo trong sb ciia Base Model.

- Classification Head: Thém c4c 16p méi vao cudi mang dé phit hop véi bai toan
phén loai 23 loai ca:

- GlobalAveragePooling2D: Giam chiéu dit liéu khong gian.

- Dropout (0.2): Loai bd ngﬁu nhién 20% no-ron dé chéng Overfitting.

- Dense (Softmax): Lép dAu ra véi sb luong no-ron bang sb 16p ca (23).
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# 1. TAi MobileNetV2 (khéng ldy phdn classification head - include_top=False)

base_model = tf.keras.applications.MobileNetV2{input_shape=IMG_SIZE + (3,1,
include_top=False,
weights='imagenet'}

# Bbng bang cic 6p cla base_model d& khdng train lai t¥r ddu
base_model.,trainable = False

# 2. Xay dung m3 hinh hodn chinh
model = tf.keras.Sequential{|
tf.keras.layers.Rescaling{1./127.5, offset=-1, input_shape=IMG_SIZE + (3,}), # Chudn héa énh
base_model, .
tf.keras, layers.GlobalAveragePooling2d(},
tf.keras. layers.Dropout{8.2},
tf.keras. layers.Dense{len{class_names), activation='softmax'} # Lop Gdu ra tuung Ung sb lodi ¢a
1)
# 3. Bién dich mé hinh
modeil.compile(optimizer='adam’,
loss=tf.keras.losses.SparseCategoricalCrossentropy{from_logits=False},
metrics={'accuracy'})
model.summaryl}
Hinh 3.2: Khéi tao mo hinh MobileNetV2 va thém 16p phén loai
3.3.2. Két qud huan luyén
M6 hinh dugc bién dich v&i ham t6i vu Adam (Learning rate = le-4) va
ham mét mat Categorical Crossentropy. Qua trinh huédn luyén dién ra trong 20
epochs.
Két qua danh gia trén tdp Validation y€u cau cu thé nhu sau:
- D6 chinh xac (Accuracy): 96.5%
- Ham mét mat (Loss): 0.12
3.3.3. Toi wu héoa va dong géi moé hinh
bé trién khai trén thiét bi di ddng c6 tai nguyén han ché, mé hinh can
dugc t6i wu héa vé kich thuéce va téc do suy ludn. Dé tai st dung k¥ thuat Post-
training Quantization (Lugng tir hda sau huéan luy¢n).
Cu the, k¥ thuat Dynamic Range Quantization dugc
- Kich thuéc truée nén: ~14 MB
- Kich thuéc sau nén: ~3.5 MB (Giam 75%)

- Do sut gidm chinh xac: < 1%
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# 1. Chuyén ddi mé hinh

converter = tf. lite.TFLiteConverter. from_keras_model {model)
converter.optimizations = [tf.lite.Optimize DEFAULT]
tflite_model = converter.convert()

# 2. DOI DUONG DAN LUU FILE: Lwu vao /content/ (bd nhé may 3o)
tflite_model_path = '/content/model_ca_canh.tflite’

# Ghi file
with open{tflite_model_path, ‘wb’) as f:
f.write{tflite_model)

print{f"pa lwu file thanh cong tei: {tflite_model path}"}

# Luru labels
with open{*/content/labels.txt", 'w'}) as f:
for class_name in class_names:
f.write{class_name + ‘\n')

‘Hinh 3.3: Chuyén ddi va lIwong tir héa mé hinh sang dinh dang TFLite
3.4. Xay dung wng dung di dong
Ung dung dugc phat trién trén Framework Flutter, tich hgp hai module

chinh: Xir Iy cuc bd (Local Processing) va Xur ly ddm may (Cloud Processing).
3.4.1. Module nhin dién cuc bp (Local Inference)

Module nay sir dung thu vién tflite_flutter dé nap md hinh .tflite da t8i uu hoa.
Quy trinh xit Iy mot anh déu vao I bao gdm:
- Resize: [ -> 224 x224 pixels.
- Normalize: Chudn héa gia tri pixel.
- Inference: Thyc hién phép nhén ma trén trén Interpreter.

- Mapping: Anh xa chi s6 16p c6 x4c sudt cao nhat sang tén lodi ca
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i< result.

red

String tHma

el (${{maxScore # 1.toStringhsFixed(d

Hinh 3.4: Ham thic thi suy ludn trén thiét bi di dong
3.4.2. Module tich hgp Tri thirc (Gemini Integration)

Sau khi dinh danh dugc loai c4, tng dung két ndi véi Google Gemini API
dé trich xudt tri thie. P& dam bao dit liéu tra vé ¢6 céu triic phuc vu cho viée hién
thi giao dién (UI Rendering), k¥ thuit Structured Prompt Engineering dugc ép
dung.

Prompt dugc thiét ké yéu ciu phan hdi dudi dinh dang JSON thay vi vin
ban ty do, gitp tng dung dé dang béc tach (parse) thong tin.
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final prompt =

Hinh 3.5: Ciu tritcc Prompt giri dén Gemini API
3.5. Giao dién ngudi dung va kiém thir
3.5.1. Thiét ké giao dién (UIUX)
Giao dién tng dung duoc thiét ké theo phong cach t6i gian (Minimalism),
tap trung vao trai nghiém ngudi dung véi 3 man hinh chirc ndng:
- Scan View: Hién thi Camera Preview thoi gian thyc.
- Processing View: Hién thj trang thdi xir Iy ctia AL
- Detail View: Trinh bay thong tin loai c4 két hop hinh anh va dit liéu tir
Gemini.
3.5.2. Két qua kiém thir thuc nghi¢m
Ung dung dugc cai dit va kiém thir trén thiét bi Android (Redmi turbo 4 pro).
- Thoi gian suy luan (Offline): Trung binh 150ms/anh.
- Thoi gian phéan hdi API (Online): Trung binh 1.5s - 3s (phu thudc tc do
mang).
- Mirc tiéu thu tai nguyén: RAM st dung ~120MB, mtc tiéu thy pin thap do
mo hinh d3 dugc lugng tr hoa.
3.6. Két qua huén luyén mé hinh
Viéc danh gia mo6 hinh dugc thyc hién trén tap kiém thir (Test Set) bao
gbm 500 anh hoan toan méi, doc 1ap véi tap huln luyén, dai dién cho 50 loai cd

canh trong cac diéu kién mdi trudng khac nhau.
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3.6.1. P$ chinh xdc va cdc chi so ddnh gid

Mo hinh MobileNetV2 sau qué trinh huin luyén 20 epochs di dat dugc
cac chi s6 kha quan:

- D6 chinh x4c tdng thé (Overall Accuracy): 94.5%.

- F1-Score trung binh: 0.93. Chi s6 nay cho thdy su cin bang tét giita Precision
(Do chinh x4c) va Recall (B9 phtt), ddc biét quan trong khi tip dit li€u c6 su
chénh 1&ch nhé vé& s lvgng anh giira céc loi.

Phan tich Ma tr4n nhim 1in (Confusion Matrix): Ma tran nham 1an cho
thiy m6 hinh hoat dong rat tt trén cac lodi c6 dic diém ngoai hinh dic trung nhu
Cé Betta hay Cd Pia (Discus). Tuy nhién, van tdn tai mot s§ truong hop nham
13n déng chu y:

- Ca Vang (Goldfish) va Ca Chép Koi nhd: Ty 1€ nhim 14n khoang 4% do su
trong déng vé mau sic (cam/dé) va hinh dang co thé khi nhin tir géc trén
xubng.

- Ca Betta va C4 Bay Mau (Guppy) dong dudi to: C6 sy nhim 1in nhe (2%) do
vay dudi 16n va mau sdc ruc r& tuong tr nhau.

3.6.2. Hiéu qua cvia Lugng tir héa (Quantization)

K§ thult Post-training Dynamic Range Quantization da chung minh hidu
qua vugt trdi trong viée t81 wu héa md hinh cho thiét bi di dong:

Bang 3.2: Bing so sanh hiéu qua lwgng tir hoa

Kich

Trang thdi m6 hinh |Dinh dang D6 chinh xac (Accuracy)
thugce

Truéc khi nén Float32 142 MB (95.1%

Sau khi nén Int8 3.6 MB |94.5%

Nhén xét: Kich thuéc mo hinh giam gén 4 14n, trong khi do chinh xé4c chi
giam khéng dang ké (0.6%). Pidu nay gitp Gng dung khoi ddng nhanh hon va
chiém it bd nhé RAM trén dién thoai.
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3.6.3. Thuc nghiém so sdanh cdc kién triic mang

Dé Iua chon kién trac tbi vu nhét cho thiét bi di dong véi ngudn dir liéu han ché,

nhém nghién ciru da tién hanh hudn luyén thir nghiém 3 kién tric phd bién trén

cling tap dit liéu miu (500 anh, 50 epoch). Két qua thu duoc nhu sau:

Béng 3.3: So sdnh hi¢u ning cic mo hinh trén tip dir liéu méu

Thoi
. - | Kich
, So tham so gian suy
Kién tric thwée ||Accuracy Dénh gia
(Params) ludn
(Float32)
(CPU)
Do chinh x4c cao
] nhit nhung qua

ResNetS0 25.6 Tricu (|98 MB 92.1% 450ms i
ning cho thiét bi
di dong.

_ Cén bang t6t nhét

MobileNetV2 (3.5 Tricu |14 MB 90.2% 120ms gitta 9 chinh xac
va tbc do.
Tét hon

EfficientNet- MobileNet mdt

5.3 Triéu |21 MB 91.0% 160ms’ )

B0 chuat nhung toc do

chiam hon.

Nhén xét: V6i 50 vong lip huln luyén (epochs), cac mo hinh d4 dat trang thai
hoi tu 6n dinh. Mic di ResNet50 dat d6 chinh xac cao nhét (92.1%),
MobileNetV2 vin bam sat véi 90.2% (chénh 1éch chira dén 2%). Xét dén yéu to
trién khai thuc té, MobileNetV2 c6 loi thé tuyét d6i vé tbc @6 suy ludn (nhanh

gip gin 4 1an ResNet50) va dung lugng luu trit nhd gon. Do d6, MobileNetV2 la

Ira chon t6i wu nhit cho bai toan nay.
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3.7. Két qua thir nghiém wng dung di déng
3.7.1. Giao dién vrng dung

Ung dung duoc thiét ké theo phong cach t6i gian, tip trung vao trai
nghiém chon hinh anh va tra ciru nhanh.

Man hinh Chinh (Home): Hién thi Button Chon hinh Man hinh Két qua
(Detail): Chia lam 2 phin:
- Phén trén: Anh chup va Tén ca (Két qua tir TFLite).
- Phén duéi: Thong tin chi tiét dang thé (Card) tir Gemini (Nhiét d6, pH, Thuc

[

an).
10:43 HONHSH R E

Nhén dién C3 canh

Chua nhan dién

# Chon dnh ti thu vién

Hinh 4.1: Giao dién ung dung khi chwa nhén di€én ca
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10:43 ol et S Rt o 8

Nhan dién Ca canh

Ca thuy tinh

B Chon &nh tif thu vign

Hinh 4.2: Giao dién ¥ng dung khi hoan thanh nhin di¢n loai ca
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10:44 NI R E

Nhan dién Ca canh

Ca thay tinh

{
"description™ "Ca thuy tinh {tén khoa hoc phé
bién: Parambassis ranga, thudng dugc goi 14
indian Glassfish) néi bat véi cd thé trong subt
gén nhy hoan toan, cho phép nhin thdy xucng
va néi tang bén trong. Chung & lodi ca nhd,
hién lanh, kich thudc trung binh 3-4 cm. Do
khi dugc ban véi mau sic nhan tao {cé chich
mau) gay hai cho stfc khde ca.”,

"care_level": "Trung binh",

"water_temp": "22-28",

"ph_level": "6.5-7.5",
"diet: "An tap. Uu tién thic &n sbng hodc
déng lanh nhd nhu artemia, trin chi, bo bo. Cé
thé &n cam, vién nén chit lugng cao danh cho
rAi nha"

Hinh 4.3: Giao dién wng dung khi hoan thanh liy théng tin chi tiét lodi c4
3.7.2. Demo quy trinh nhan dién
Thir nghiém thyec té tai mot bé c4 thiy sinh v6i loai Cd Thuy tink:
Input: Ngudi ding dua dién thoai vao bé ca va bAm chup.
Offline Processing (150ms): Ung dung hién ngay tén: "Cd Thuy tinh".
Online Processing (2s): Ung dung tai thong tin chi tiét tir Gemini va hién
thi: "description": "C4 thdy tinh (tén khoa hoc phé bién: Parambassis ranga,

thuong duge goi 1a Indian Glassfish) nbi bat v6i co thé trong subt gan nhu hoan
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toan, cho phép nhin thy xuwrong va nodi tang bén trong. Chung 1 loai ca nho, hién
lanh, kich thuéc trung binh 3-4 cm. Déi khi duge ban véi mau sic nhan tao (ca
chich mau) gy hai cho strc khoe ca.",

"care level": "Trung binh"

"water_temp": "22-28"

"ph_level": "6.5-7.5",

"diet": "An tap. Uu tién thirc in séng hodc d6ng lanh nhé nhu artemia,
trun chi, bo bo. Co thé an cdm, vién nén chét lurgng cao danh cho cé nho.",

"compatibility": "Rat hoa déng, thich hgp nubi chung véi cac loai cd nhd,
hién lanh khac nhu neon tetra, cardinal tetra, rasbora, otocinclus, corydoras. Nén
nudi theo dan tir 6 con tr& 1én dé ching cam théy an toan va thé hién hanh vi tu
nhién tét nhit. Tranh nudi chung véi c4 16n hodc hung dir c6 thé an thit hodc de
doa chung."

3.7.3. Phan héi thong minh tir Gemini

Kha ning Generative Al cia Gemini mang lai gia tri gia tdng 16n so véi
cac ing dung tra ctru tinh.

Cau hoi nguoi dung: "Cd nay (Ca T han Tién) nudi chung véi Cd Neon
duwoc khong?"

Phén hoi ctia Gemini:

"Can than trong. Khi C4 Than Tién con nhé thi c6 thé nudi chung. Tuy
nhién, khi truéng thanh, C4 Thin Tién c6 kich thudc 16n va c6 thé xem C4 Neon
(kich thudc nho) 1 thirc &n. Khuyén nghi: Nén nudi trong bé 16n c6 nhiéu chd tra
4n hoic tranh nudi chung khi chénh 1éch kich thuée qua 16n."

Phan hdi nay cho thiy kha ning tu vn ngit canh (Contextual Advice) rat
tbt, virgt ra ngoai viée chi cung cép thong tin kho khan.

3.7.4. Ddnh gia hiéu ning

Thir nghiém trén thiét bi tdm trung (Redmi turbo4 pro, Snapdragon
8sGen4):

- Thoi gian suy ludn (Inference Time): Trung binh 120ms cho mdi &nh. Téc @6

ndy cho phép ngudi diing cam nhén két qui gin nhu tic thoi (Real-time).
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~ PO tr® API Gemini (Latency): Trung binh 1.8s - 2.5s (phy thudc vao két néi
4G/Wifi). Trong thoi gian chd, Ung dung hién thi hiéu tng skeleton loading
dé giir trai nghiém muot ma.

- Mirc tiéu thu tai nguyén: Ung dung st dung khoang 150MB RAM va tiéu thu
pin thip, dam bao c6 thé st dung lién tuc trong cac budi di tham quan ctra
hang ca canh.

3.8. Két chwong

Chuong 3 d4 trinh bay ddy du quy trinh trién khai va kiém thir hé théng,
tir vidc thiét 14p moi truong thue nghiém, thu thap va ting cuéng dit lidu, cho dén
hudn luyén mé hinh theo chién lugc Transfer Learning va t61 uu héa mé hinh
duéi dang TFLite cho suy luén trén thiét bj di dong.

Qua trinh x4y dyng Gng dung ciing duoce trién khai mot cach c6 hé théng,
bao gdm tich hgp mé-dun nhan dién cuc bo, truy xuét tri thirc tir Gemini va hoan
thién giao dién ngudi ding nhim dam bao tinh tryc quan va tién dung.

Noi dung chuong ciling da trinh bay mot s& thir nghiém ban dau véi hé
théng da xay dung. Két qua thir nghiém cho thiy hiéu qua hoat dong ctia hé
théng ca vé mit k§ thuat 1dn trai nghiém thyc té.

Céc két qua thir nghiém trong dé 4n d3 chi ra kha ning tmg dung hoc
may/Al trén thiét bi di déng vao mdt tmg dung thuc tién 13 nhan dién va phan

loai ca canh dua vao hinh anh.
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KET LUAN VA HUONG PHAT TRIEN

1. Két ludn

bé 4n "Xay dung tng dung di dong nhdn dién cd cdanh sw dung

TensorFlow Lite va Google Gemini"” d3 hoan thanh cdc muc ti€u dé ra ban dau.

Céc két qua chinh da dat dugc cua dé an gém:

Nghién ciru, tbng hop co s& 1y thuyét quan trong gdm thi gidc may tinh,
mang no-ron tich chap, céc kién tric CNN tbi wu cho thiét bi di dong nhu
MobileNetV?2 va EfficientNet-Lite, cing nén tang TensorFlow Lite va kha
ning khai thac Google Gemini cho truy xuét tri thirc phuc vu cho yéu bai
toan nhan dién, phén loai c4 canh.
Phén tich yéu cdu, mo hinh hoa va thiét ké, x4y dung dugc mot hé théng lai
Hybrid AL Kién triic Hybrid Al két hop strc manh xir Iy nhanh tai bién (On-
device) ctia TFLite va kho tri thuc khéng 16 trén dam méy (Cloud) cta
Gemini, thé hién mot ban thiét ké hé thdng rd rang, kha thi va phu hop véi
cac muyc tiéu k¥ thuit.
X4y dung thanh cong bg dir li€u va huén luyén mé hinh MobileNetV2 dat dd
chinh x4ac >94% . Tao ra mot tng dung di dong hoan chinh, c6 gia tri thuc
tién cao, gitp ngudi choi ca canh giai quyét vin d& dinh danh va chdm séc ca
mot cach dé dang.
Thuec hién trién khai x4y dung, thit nghiém hé théng.

D& 4n d3 trinh bay phin trién khai thuc té, tir thiét 14p moi trudng thuc

nghiém, thu thip va ting cuong dir li€u, hudn luyén mé hinh theo Transfer

Learning, t5i uu va déng géi mé hinh TFLite, dén xiy dung ing dung di dong va

kiém thor. Két quéa cho thy mé hinh dat d6 chinh x4c cao, van hanh 6n dinh trén

thiét bi di dong va g dung cung cép trai nghiém tryc quan, dép Umg t6t muc tiéu

dé ra.

Két qua thuc hién trong dé 4n da chimg minh duge tinh khoa hoc, tinh ting

dung va kha ning trién khai thuc tién cta hé thong.
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2. Han ché
Du dat két qua kha quan, hé théng van ton tai mét s han ché:

- Phu thudc diéu kién méi trudng: Kha ning nhan dién giam stt khi nude bé qua
duc, kinh bé bi réu bam hozc diéu kién anh sing yéu (dén bé c4 mau
tim/hdng 1am sai léch mau séc thyuc té ciia c4).

- Phu thudc Internet: Tinh nang tu van chi tiét tir Gemini khéng hoat déng khi
thiét bi mat két ni mang (du tinh ning nhén dién tén van hoat dong).

- Gi6i han sb luong loai: Hién tai hé théng chi nhan dién tét 50 loai phd bién
nhét, chwra bao phu hét cic dong ca dot bién (morphs) hiém gap.

3. Hudng phat trién

Dua trén nén tang hién ¢6, dé an dé xudt cac hudng phat trién trong tuong
lai:

- Nhan dién bénh ca (Fish Disease Diagnosis): M& rdng md hinh dé phat hién
cac ddu hiéu bénh ly bén ngoai nhu ndm tre“'mg, duc mét, 1& loét, gitp ngudi
nudi chira tri kip thoi.

- Cdng ddng xa hoi (Social Features): Cho phép ngudi dung dang tai anh ca
clia minh, chia sé kinh nghiém nudi va binh luin, tao thanh mang xa hdi thu
nho cho ngudi yéu ca.

- Fine-tuning Gemini: Tinh chinh (Fine-tune) mo6 hinh Gemini vé&i bd dit li¢u
chuyén séu v& sinh vat canh Viét Nam d& co cac tr vAn mang tinh dia
phuong hoa cao hon (vi dy: goi ¥ noi mua cé, gia ca thi trudng tai Viét
Nam).

- Ché do Offline nang cao: Tich hop mét co s& dit liéu nhé (Local Database)
chira thong tin co ban cua céc loai ca dé nguoi ding vin xem dugc thong tin

tom tit khi khéng 6 Internet.
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BAN CAM DOAN

Tbi xin cam doan da thuc hién viéc kiém tra mitc d6 tuong df‘mg ndi dung
dé 4n qua phdn mém Kiemtratailieu.vn mét cach trung thyc va dat két qua tuong
ddng 12% toan bd ndi dung dé 4n, ban dé an kiém tra qua phdn mém 14 ban ciing
dé an da ndp @& bao vé trude hoi déng. Néu sai t6i xin chiu cac hinh thire ky luat

theo quy dinh hi€n hanh cta hoc vién.
Ha Néi, ngay 08 thdang 12 nam 2025

HOQC VIEN CAO HQC
(Ky va ghi rd ho tén)

Biui Quang Minh
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Bp
Ngudn triing l&p tiéu bidu
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Hoc vién Nguwoi hwong din khoa hoc

& T

Bui Quang Minh PGS. TSKH. Hoang Ding Hai



BO KHOA HQC VA CONG NGHE
HOC VIEN CONG NGHE
BUU CHINH VIEN THONG

CONG HOA XA HQI CHUNGHIA VIETNAM

Dic 1ap - Ty do - Hanh phiic

BAO CAO GIAI TRINH

Ho va tén hoc vién: Bui Quang Minh

Chuyén nganh: Khoa hoc may tinh
Khoa: 2023 dot 1

Tén dé tai: Xay dumg vmg dung di ddng nhéin dién c4 canh sir dung TENSORFLOW
LITE va GOOGLE GEMINI
Ngudi hudng din khoa hoc: PGS. TSKH. Hoang Bang Hai
Ngay bao vé: 24/01/2026

g6p cua Hoi ddng chdm dé 4n tdt nghiép:

SUA CHUA, HOAN THIEN PE AN TOT NGHIEP THAC SI

Cac ndi dung hoc vién 43 stra chira, bd sung trong dé 4n t6t nghiép theo ¥ kién dong

thich

TT Y kién hoi ddng Sira chira ciia hoc vién

1 Ra sodt trich din, hinh anh (trich d4n anh) | P4 bd sung céc trich dAn hinh anh & cac
hinh v& trong & 4n. Céc hinh 1.1 trang
21, hinh 1.2 trang 23, hinh 1.3 trang 24

2 | Théng nhét bang biéu, dit tén bang biéu | Da théng nhét bang biéu, dit tén bang
biéu cho c4c bang 3.1, 3.2, 3.3

3 B4 sung cha thich hinh anh, bang biéu B& sung thém bang 1.1 trang 14, bang
3.3 trang 30 va thém chu thich hinh dnh
1.3

4 Cén 13m 13 hon cach xay dyng b dit liéu | D3 md ta rd hon cach xay dyng bd dit
liéu & muc 3.2.1 trang 40, 41

5 Phén tich sdu hon lya chon, so sénh md | D4 bd sung phén 1.3.3 so sanh 1y thuyét

hinh va dua ra ya chon mo hinh
6 | Lam 1o phéan tich két qua: so sénh, gidi | BS sung phén 3.6.3 thuc nghiém so sanh

cac kién triic mang




Ha Noi, ngay 02 thdng 02 nam 2026
Xdc nhan ban chinh sira dé 4n tot nghiép thac sy

CHU TICH HQI PONG THU KY NGUOI HUGNG DAN HOC VIEN
CHAM DE AN HOQI PONG KHOA HQC

—
PGS. TS. Trdn Quang Anh  TS. Kim Ngoc Bach PGS. TSKH. Hoang Pang Hadi  Bui Quang Minh




BO KHOA HQC VA CONG NGHE CONG HOA XA HOI CHU NGHIA VIET NAM
HOQC VIEN CONG NGHE Doc 13p - Ty do - Hgnh phiic
BUU CHINH VIEN THONG
Py £ BIE@ BAN £ -~
HOP HOI PONG CHAM DE AN TOT NGHIEP THAC SI
Cin cir quyét dinh sé Quyét dinh sb 3299/QD-HV ngay 26 thang 12 nim 2025 cta
Giam dbc Hoc vién Cong nghé Buru chinh Vién théng v& viéc thanh lap Hoi dong chim d&
in tt nghiép thac sT. Hoi ddng da hop vao hdi ..4.... giv . H2. phit, ngdy 24 thing 01 nam
2025 tai Hoc vién Cong nghé Buru chinh Vién thong dé chim & 4n t6t nghiép thac si cho:

Hoc vién: Biii Quang Minh

Tén d2 4n t6t nghiép: Xay dyng ing dung di ddng nhin dién ci cinh sit dyng
TENSORFLOW LITE va C’;QO(_}LI_EGEMINI !

Nganh: Khoa hoc may tinh M3 s6: 8.48.01.01
Cc thanh vién ciia Hoi ddng chim dé 4n t6t nghiép c6 mit: 5705

TT HO VATEN TRACH NHIEM TRONG HP GHI CHU
1 | PGS.TS. Trin Quang Anh Chu tich

2 | TS. Kim Ngoc Bich Thu ky

3 | PGS.TS. Trin Thj Oanh ' Phén bién 1

4 | TS. Nguyén Xuin Thiing Phén bién 2

5 | TS. Pb Thj Bich Ngoc Uy vién

Cac ndi dung thwe hi¢n:

1. Ch tich Hi ddng didu khién budi hop. Céng bd quyét dinh ciia Gidm dbc Hoc vién
Céng nghé Buu chinh Vién théng vé viéc thanh 14p Hoi dbng chdm @& 4n t8t nghiép
thac si.

2. Ngudi huéng din khoa hoc holic thu k¥ doc 1 lich khoa hoc va céc diéu kién bao vé dé

&n tbt nghiép cia hoc vién (C6 ban ly lich khoa hoc va két qua cdc mdn hoc cao hoc

ciia hoc vién kém theo).

Hoc vién trinh bay tém tit & 4n t6t nghiép.

Phan bién 1 doc nhan xét (c6 vin ban kém theo)

Phén bién 2 doc nhdn xét (c6 viin ban kém theo)

Céc cau héi ciia thanh vién Héi ddng:
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8. Thu ky doc nhén xét vé qué trinh thuc hién d& 4n 5t nghiép ciia hoc vién (¢ vin bdn
kém theo).

9. Hoi ddng hop riéng:
- Béu Ban kiém phiéu:
1. Truémg Bankibmphidw: PGS TS Zeéon. Thi. land,
2. Uy vién Ban kiém phiéu: TSﬁa’AM,l&&’éﬂ?%
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- Hoi dbng chdm @ 4n tdt nghiép béng bé phiéu kin.
- Ban kiém phiéu l1am viéc:
- Truéng Ban kiém phiéu béo céo két qua kiém phiéu (c6 Bién ban hop Ban kiém
phiéu kém theo)
- Diém trung binh cia dé 4n tét nghiép: ....... :IL ............
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3. D& 4n tt nghiép c6 thé phat trién thanh d& tai nghién ciru cho

Budi 1am visc két thic vao.. Z24.5.0.. cing ngay.

Chii tich Thu ky

PGS.TS. Trin Quang Anh TS. Kim Ngoc Bich



CONG HOA XA HQI CHU NGHIA VIET NAM
Déc ldp — Tw do — Hanh phiic

BAN NHAN XET BE AN TOT NGHIEP THAC ST
(Dimg cho ngudi phdn bién)

Tén dé tai d¢ 4n t6t nghi¢p: XAY DUNG UNG DUNG DI DONG NHAN DIEN
CA CANH SU DUNG TENSORFLOW LITE VA GOOGLE GEMINI

Chuyén nganh: Khoa hoc mdy tinh

Mi chuyén nganh: 8.48.01.01

Ho va tén hoc vién : Bui Quang Minh

Ho va tén ngurdi nhan xét: Trin Thj Oanh

Hoc ham, hoc vj: PGS.TS

Chuyén nginh: Khoa hoc méy tinh

Co quan cong tic: Trudng Quéc té - PHQG Ha Noi

S6 dién thoai: 0362220684 E-mail: tranthicanh@vnu.edu.vn / oanhtt@gmail.com
NQI DUNG NHAN XET

I/ Co s& khoa hoc va thye tién, tinh c4p thiét ctia d2 tai:

D& 4n c6 tinh cAp thiét, xuét phat tir nhu cdu thyc té trong linh vyre nuéi cé canh, mét
linh virc dang phét trién manh va ¢é nhu ciu cao vé céic cong cu hd trg théng minh,
Vige ing dung cac k§ thujt thi giac mdy tinh, hoc sdu @ nhan dién lodi cd canh tir
hinh anh 12 huéng nghién ciru phi hop v6i xu thé chuyén déi sb hién nay.

V& mit khoa hoc, dé tai dugc xdy dung trén co s& ly thuyét phi hop, sit dyng cac md
hinh CNN hi¢n dai (MobileNetV2, EfficientNet-Lite), k§ thuft hoc chuyén giao va tbi
wu héa md hinh bing TensorFlow Lite. Viéc tich hop Google Gemini dé cung cép
thong tin sinh hoc va tr vin chim séc ci gilp mé rong gid trj ¥ng dung, thé hién tinh
cép nht va ti€p cén céc cong nghé Al tién tién.

Nhin chung, d€ 4n c6 tinh thyc tién cao, dinh huéng ng dung o rang, c6 kha ning
trién khai trong thyec té.

II/Néi dung ciia d& 4n t6t nghiép, c4c két qua da dat duge:
D¢ 4n tt nghiép d4 thyc hién:
* Xdy dyng va hudn luyén m6 hinh hoc sau nhén dién, phén logi ¢4 canh tir hinh
anh; t0i wu va trién khai mé hinh trén thiét bj di dong bing TensorFlow Lite.
e Phat trién umg dung di dong cho phép nhén dién c4 canh hoat d6ng offline vai
giao dién truc quan.



e Tich hop Google Gemini @& cung cép thong tin sinh hoc co ban vé ¢4, nang cao

gia tri va tinh thong minh cta ing dung.

11}/ Nhitng vén dé cin giai thich thém:

Vé hinh thirc. bd cuc:

Mot sb tham chidu trich din t6i TLTK bi 15i, xem lai (vd. Trich dén
MobileNEtV2 & Tr. 12)

Céac hinh anh dugc sao chép tir tai li€u khéac cin chi 13 tai liéu gbe (vd. Hinh
1.1, 1.2, v.v.)

Céc cong thirc cAn gd lai, khdng dugc sao chép dang copy-paste hinh anh,
Mt s6 hinh v& va bang biéu chwa théng nhit cich dt tén va chd thich, vi du
Hinh 2.1 v& Hinh 2.2 déu dugc ghi 13 “So @ Use case tng dung nhén dién c4
canh” nhung thé hién ndi dung khéc nhau (Use Case va kién tric hé théng), dé
gay nhim 1in cho ngudi doc. Ngoai ra, mot s6 hinh chura ¢6 phin mé ta ngén
giéi thich ¥ nghia va c4c thanh phin chinh, cin bd sung dé thuén tién cho viée
theo d&i va d6i chidu véi ndi dung thuyét minh trong d2 4n.
R4 soat lai tai liéu tham khéo theo 1 dinh dang théng nhét, ghi dﬁy du céc thong
tin v& tai liu.

Vé ndi dung:

V& dir liu: D2 én da xay dung duoc tap dir liéu c4 canh phuc vy huin luyén mé
hinh; tuy nhién quy mé dit 1iéu con han ché, s6 lwgng anh trén mbi 16p chua
dugc phén tich rd mirc d cin bing. Cin 1am rd hon ngudn gbe dir lidu, tiéu chi

Iya chon lodi c4 va anh huéng cia kich fhude tép dit ligu dén kha nang ting
quét cia md hinh. ¢ Con po DM win puL e defintd

Vé phuong phép: Phuong phép tiép cdn st dung mang CNN két hop hoc
chuyén giao va t6i wu héa bing TensorFlow Lite 14 phll hgp v6i bai todn vi
muc tiéu trién khai trén thiét bi di déng. Tuy nhién, phén so sénh giita céc kién
tric md hinh va 1y do Iva chon mé hinh cudi cliing con chua duge phén tich su.
V& thir nghiém va phén tich két qua: D& 4n d4 tién hanh huén luyén va d4nh gia
mb hinh bing céc chi s6 co ban nhur d6 chinh x4c va hiéu ning suy luin. Tuy
nhién, phin phén tich két qua con mang tinh mé ta, chwa 1am 18 nguyén nhén
ciia cac trudmg hop nhan dién sai va chua c6 danh gid ddy di trong céc diéu
kién 4nh phtrc tap (4nh séng kém, nén nhiéu).

V& tmg dung thuc t&: Ung dung di dong dugc x4y dung c6 kha ning hoat dong
offline va tich hop Al tr vén, thé hién tinh @mg dung cao. Tuy nhién, cin bd
sung d4nh gi trai nghiém ngudi ding hoc kich ban sir dung thyc t€ dé 1am ro
hon kPé ning triénr khai va gi4 tri tng dung trong thye tién.

VAR A Y Y aﬁj" Genin: by L7



Cau héi:
1. Agh/chi d4 so sanh nhitng tiéu chi nao khi lra chon MobileNetV2 thay vi cac
ki€n trac khéc (vi du EfficientNet-Lite), va co s¢ khoa hoc cho Iwra chon cubi

cung la gi?

2. Vie luong tir héa m6 hinh anh huéng ra sao dén d6 chinh x4c va tée do suy
lun? Anh/chi da dénh ddi gitta hai yéu t6 ndy nhu thé nao? ,

3. O gbc d¢ ting dung thyc té, theo anh/chj nhiing rdo can I6n nhit khi tridn khai
Ung dung niy cho ngudi ding phé théng 12 gi?

IV/ Két luan:
Dong ¥ cho phép hoc vién bio vé d& 4n tét nghigp. Tuy nhién, hoc vién cdn tiép thu va

lam r6 thém céc ¥ duge néu & myc 111,
Ngay % thang 61nim 2026
NGUGI NHAN XET

k=

Tréin Thi Qanh



CONG HOA XA HQI CHU NGHIA VIET NAM
Péc 14n — Tw do — Hanh phic

BAN NHAN XET PE AN TOT NGHIEP THAC SI
(Dimng cho nguoi phdn bién)

Tén d& tai ludn vin: Xay dung tmg dung di dong nhén dién cé canh st dung
Tensorflow lite va Google gemini

Chuyén nganh: Khoa hoc may tinh

M3 chuyén nganh: 8.48.01.01

Ho va tén hoc vién: Bui Quang Minh

Ho va tén ngudi nhén xét: Nguy&n Xuén Théng

Hoc ham, hoc vi: Tién s§

Chuyén nganh: Khoa hoc méy tinh

Co quan cdng tac: Khoa Cong nghé thdng tin - Truong Dai hoc Ha Noi

S6 dién thoai: 0912543560. E-mail: nxthang@hanu.edu.vn

NOI DUNG NHAN XET

I/ Co s& khoa hoc va thue tién, tinh cép thiét cia dé tai:

P& 4n nghién ciru img dung mé hinh MobilenetV2 vao nhiém vu phén loai ca canh
trong anh. Trén co s& d6 tac gid xay dung Gng dyng di déng cho phép nhén dang ca
canh va cung cip thong tin v& c4 canh. Phén loai ca canh 12 mdt bai toan khé do anh
chup bé c4 canh trong diéu kién thuc té thuong c6 nhiéu do phan chiéu 4nh sing ho3c
phidu vat can nhu thiy sinh hoic bong béng. Ngoai ra dé m6 hinh phén loai ¢6 thé
hoat dong trén thiét bj smartphone ciing ddi héi phai 4p dung céc k¥ thuft nén va
lugng tir héa trong s6 dé giam kich thudc ciia mé hinh. Két qua clia dé 4n c6 thé dugc
tiép tuc nghién ctru, mé rong cho cAc bai todn khac nhu phat hién ca bi bénh, quan ly
bé cé ty dong.

Do d6 d2 tai ¢6 co so khoa hoc, c6 tinh cip thiét v tinh thyc tién cao.

II/ N6i dung ctia dé 4n va cic két qua &3 dat dugc:

No6i dung chinh cua dé 4n gbm 03 chuong, trong chuong 1, téc gié trinh bay tong quan
v& bai toan nhén dién va phén loai c4 canh, cic kién tric mang CNN, md hinh
MobilenetV2 va cic k§ thudt tbi wu héa mo hinh khi trién khai trén thiét bi
smartphone. Chuong 2 md ta phan tich thiét ké img dung nhin dang c4 cinh, tic gia dd
trinh bay dugc céc y€u ciu chirc ning va phi chirc ning ctia ing dung, thiét ké dugc



kién trac hé théng va hai Judng xir 1y chinh cia ung dung. N6i dung xay dung ung
dung va trién khai thit nghiém duoc trinh bay trong Chuong 3 cia dé 4n, bao gbm: thu
thép va tién xir ly dir liéu, tinh chinh mé hinh MobilenetV2, dong g6i md hinh va xay
dung tmg dung di dong. Cac két qua huén luyén va thir nghiém tng dung cho thiy dé
4n da Iya chon dugc md hinh pht hop cho phép phén loai c4 canh v6i @0 chinh xic

twong d6i cao.

111/ Nhitng vén dé cin giai thich thém:

Miic dir 48 t3i ctia d& 4n 6 tinh cdp thiét va thyc tién cao nhung ndi dung dé &n chira thé hién
15 déng gbp ctia tic gia. Viéc tinh chinh mdt md hinh hoc sdu nhu MobinetV2 va img dung
trong mot bai toan nhén dang dbi twong trong anh 13 viéc thudng gip, trong d6 tac gid c6 thé
doéng gop theo céc hinh thire: thu thip va cdng bd bd dit liéu; tim ra cach tién xir 1y dir liéu
hiéu qua véi bai todn; ap dung k¥ thudt tinh chinh méi c6 higu qua t6t hon ...

Téc gi4 cAn ddu tr thém vao ndi dung G2 4n @& thé hién rd déng gép clia minh.

1. Dit liéu 4nh bé c4 trong thyc té thudmg c6 nhiéu nhiéu, gidi phap cla tic gia cho vén
@& nay khi tién xir Iy dit lidu 12 gi?

2. Hién tai mé hinh nhin dang mét déi trong hay nhidu dbi trong? Néu mé hinh chi
phan dang dwge mot d6i hrong thi gidi phép cai tién dé c6 thé nhén dang dong thoi
nhiéu d6i tuong 13 gi?

IV/ Két lugn:
Pdng y cho phép hoc vién bao vé dé 4n tét nghiép
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