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Tom tat

Nhén dang chinh xdc cdc loai chim nguy cdp, quy, hiém déng vai tro thiét yéu trong gidm sdt va bdo ton da dang
sinh hoc (DDSH). Nghién citu nhdm xdy dyng mé hinh nhan dién tin cdy cho 26 loai wu tién bdo vé bang cdch
tich hgp hoc sdu vdi cdc co ché xit ly ddc thii. Phuong phdp dé xudt gom 3 hgp phdn: Tién xit ly bang YOLOv12
déloai bo dnh khéng chita chim; phan logi lodi dya trén ResNet hoc chuyén giao va tinh chinh trén b dit liéu
riéng (27.457 dnh cia 171 lodi); hdu xit Iy sit dung OpenMax nhdm gidm nhdm lan déi véi cdc lodi ngoai tdp
hudn luyén. Két quad thuc nghiém cho thdy, mé hinh dat chi s6é Macro F1-Score la 83,54%, chiing minh tiém ndng
ing dung cao trong hé thong gidm sdt DDSH.
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A deep learning-based solution for identifying endangered
and rare bird species

Abstract

Accurate identification of endangered, rare, and precious bird species plays an essential role in biodiversity
monitoring and conservation. This study aims to develop a reliable identification model for 26 priority
conservation species by integrating deep learning with specific processing mechanisms. The proposed
methodology consists of three components: pre-processing using YOLOv12 to discard non-bird images; species
classification based on a transfer learning and fine-tuning ResNet model on a in-house dataset (27,457 images
of 171 species); and post-processing using OpenMax to reduce confusion with species outside the training set.
Experimental results show that the model achieves a Macro F1-Score of 83.54%, demonstrating its strong

potential for application in biodiversity monitoring systems.
Keywords: species identification, deep learning, ResNet, open-set classification, OpenMax.

JEL Classifications: O13, 044, P18.

1. DAT VAN DE

Nhén dién céc loai sinh vat la mét trong nhting bai
toan co ban va giti vai tro then chét trong cong tac diéu
tra, giam sat va bao ton DDSH. D6i véi cac loai nguy
cép, quy, hiém dugc uu tién béo vé, viéc nhan dién
chinh xdc khong chi ho trg cic nha nghién ctiu trong
phén loai hoc ma con gidp nhanh chéng, kip thaéi bao
v¢ loai ciing nhu cung cip di liéu phuc vu xiy dung
chinh sach, ké hoach quan ly tai nguyén thién nhién.
Tuy nhién, qua trinh nhéan dién gdp nhiéu thach thtc
do diéu kién thu thap di liéu, su tuong dong vé hinh
thai gitia cic loai, su thay d6i theo giai doan phat trién,
gidi tinh, mua sinh san, hay diéu kién moi truong va
quan sat khac nhau.

Cac phuong phap nhén dién truyén thong dua vao
dic diém hinh thai va kinh nghiém chuyén gia tuy c6
do tin cdy cao trong pham vi hep nhung han ché vé
thoi gian, chi phi va kha ndng mé& rong khi 4p dung
trén quy mo 16n. V6i sy phat trién manh ctia hoc may

va hoc sau, viéc nhén dién hay giam sat PDSH da c¢é
nhting budc tién vugt bac. Trén thé gidi, Tuia va cdng
st [1] da nhi&n manh vai tro trung tdm cta cdc mo
hinh hoc sau trong gidm sat DDSH, ddc bié¢t khi cac
md hinh nay dugc két hgp véi cam bién ty dong va dia
liéu khoa hoc cong dan (Citizen Science).

Riéng v6i chim, hudng nghién ctiu nhan dién loai
duya trén hinh anh da dat nhiéu budc tién nhd sy ra
dai ctia cac bo di liéu phén loai chi tiét (fine-grained)
chuéin myc nhu CUB-200-2011 [2], Birdsnap [3], hay
cac dy an quy md 16n dugc xay dung véi sy dong gop
ctia cong dong nhu san phdm cta Van Horn va cong
su [4]. Su ra doi cua cac bd dit liéu quy md 16n nhu
LaSBiRD [5], ti€p tuc mé rong pham vi va dd da dang
dii liéu, tao diéu kién danh gid mé hinh gan hon véi
diéu kién thuc dia.

Tai Viét Nam, cac nghién ctiu ting dung tri tué nhan
tao trong nhan dién loai méi xuét hién trong nhiing
ndm gin day, nhung chu yéu tip trung vao cac nhom
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Hinh 1. Kién triic ctia mot hé théng chatbot nhan dién loai

déi tugng khéc thay vi cdc loai chim nguy cip. C6 thé
ké dén phin mém nhan dang nhanh dong, thuc vat
nguy cip, quy, hiém phuc vy bdo vé ring tai Thanh
Héa [6], hé thong nhan dién sinh vat gay hai trén laa
ctia Cuc Bdo vé thuc vat [7], hay Ging dung nhén biét
nhanh cdc nhom g6 bang dién thoai thong minh ctia
Trudng Dai hoc Lam nghiép [8]. Du déng gbp quan
trong vé mit ting dung thuc tién, cdc nghién ctiu nay
cht yéu tip trung vao cdc bai todn phan loai t6ng quat
va chua dé cdp dén bai toan nhén dién chi tiét, cing
nhu chua tich hgp co ché phan loai tdp mé dé xu 1y cdc
truong hop ngoai tap hudn luyén.

Su phat trién cta tri tué nhan tao trong nhiing nam
gin day, n6i bat 1a cdc mo hinh nén tdng nhu mo6 hinh
ngdn ngt l16n, da giup may tinh dat dugc kha ning
hiéu va sinh tao ngdn ngii tu nhién nhu con ngudi.
Diéu nay da thuc ddy sy ra doi caa mot thé hé ung
dung AI dot phd. Dién hinh trong cdc tGng dung tri
tué nhan tao la Gng dung trg ly do hay hoi thoai truc
tuyén (chatbot) cho phép ngudi dung tuong tac, cung
cép thong tin quan sat hay do dac dugc va may tinh
véi cdc m6 hinh va cac co sé dii lidu tri thiic c6 thé ho
trg xac dinh loai. Kién tric co ban ctia mét hé thong
chatbot nhan dién loai nhu viy c6 thé dugc thé hién
trong Hinh 1.

Mo hinh ngon ngit I6n cung ngii canh hoi thoai cho
phép hé thdng hiéu ngdn ngit ngudi diing, hiéu y dinh
ngudi ding mong muén xac dinh loai trong mét anh
dua vao hay mot vai cau mo té dic diém hinh thai. Tu
hiéu y dinh dén t6i c6 thé xac dinh dugc hé thong can
thuc hién hanh dong nao va thuc thic hién hanh dong
dé dya vao di liéu, mo hinh hay co s& dii liéu tri thic
6 trude cua hé thong. Ciing chinh mé hinh ngoén ngi
16n sé giup hé théng sinh ra cac cau trd 16i ty nhién va
c6 phong cach dén véi ngudi dung. Hé thong sé tra 101
ki€u nhu “R4t cAm on ban da cho t6i biét mot buic anh

dep nhung c6 vé ban da dua nham anh vi btic anh dé
dang chup mot chi meéo dang yéu chi t6i khong phat
hién dugc loai chim nao xuét hién trong anh. Xin vui
long cung cdp mot biic anh khac” thay cho cac ciu tra
16i ciing nhic nhu “Khong biét”.

Trong céc tiép cidn nhan dién tu hinh anh, am
thanh hay mo ta, nhan dién tu anh dugc xem la trung
tdm ctia quy trinh nhan dang loai, béi hinh énh chia
dung héu hét cic dic trung hinh thai trgc quan nhu
hinh déng, kich thudc, mau sic, hoa van, tu thé hay
cu truc. Cau thanh ngti “tram nghe khong bang mot
théy” that dung trong trudng hgp nay, hinh dnh cung
cép thong tin tryc quan c6 stc phan biét manh mé, la
ngudn di liéu chu dao dé€ hé thdng hay cu thé hon la
cac md hinh hoc sau rut trich déc trung va tu do xac
dinh loai mét cach hiéu qua. Vi khung ting dung dang
chatbot, m6 hinh nhén dién loai bing hinh dnh nén
dugc thiét 1ap d€ c6 do phu (recall) 16n hay am tinh gia
(false negative) nho béi sau d6 hé théng c6 thé yéu ciu
ngudi dung cung cdp thém thdng tin trudc khi c6 cac
két luan cudi cung.

Bai béo trinh bay cic nghién ctiu va két qua cua
nhém nghién ctiu khi tdp trung vao phan xiy dung
mo hinh nhén dién loai nguy cdp, quy, hiém dugc uu
tién bao vé - thi nghiém doi véi 16p chim dya trén
anh chup cua ching. Dén nay, bai toan phan l6p anh
hay nhén dién loai chim ti anh da dat dugc nhiéu
thanh tyu nhd sy ra doi sy phét trién nhanh va manh
ctia hoc séu véi cac kién trac mang no-ron tich chap
va Transformer cting cac bo dii liéu quy md 16n nhu
ImageNet hay iNaturalist. Tuy nhién, mét thach thiic
quan trong cta bai todn 1a kha nang nhé4n dién cac
loai chua ting xudt hién trong tip huin luyén. Cac
md hinh hoc séu truyén théng thudng cé xu hudng
gan nhan sai cho nhiing mau ndm ngoai phan b6 huin
luyén. Vi vay, can cé cac cd ché phat hién va tit choi
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du doan trong trudng hop khong thudc 16p chim hay
khong thudc loai chim ndm trong bo huén luyén dé
ttt d6 gidm thiéu sai léch nhan dang va tang do tin cay
tong thé ctia hé thong.

2.POI TUQNG VA PHUONG PHAP NGHIEN CUU

béi tugng nghién ctu trong bai bao 1a nhiing mé
hinh hoc sdu phéan 16p anh c6 kha ning phan l6p/
nhan dién 26 loai chim nguy cép, quy, hiém dugc uu
tién bao vé theo Nghi dinh s6 64/2019/ND-CP ngay
16/7/2019 cta Chinh pha vé viéc stia d6i Diéu 7
Nghi dinh s6 160/2013/ND-CP ngay 12/11/2013 cua
Chinh phu vé tiéu chi xdc dinh loai va ché d6 quan
ly loai thudéc Danh muc loai nguy cép, quy, hiém
dugc uu tién bao vé. 26 loai nay gom: B6 ndéng chan
xdm (Pelecanus philippensis), C8 rdn (Diéng diéng)
(Anhinga melanogaster), Co trang trung qudc (Egretta
eulophotes), Vac hoa (Gorsachius magnificus), Co mo
thia (Platalea minor), Qudm cédnh xanh (Co quam
canh xanh) (Pseudibis davisoni), Qudm 1é6n (Co quim
16n) (Pseudibis gigantea), Gia diy nhd (Leptoptilos
javanicus), Hac ¢§ tring (Ciconia episcopus), Ngan
canh trang (Asarcornis scutulata), Cong (Pavo
muticus), Ga so ¢6 hung (Arborophila davidi), Ga 16i
lam mao trang (Lophura edwardsi), Galoi tia (Tragopan
temminckii), Ga tién mat do (Polyplectron germaini),
Ga tién mdt vang (Polyplectron bicalcaratum), Tri
sao (Rheinardia ocellata), Séu dau dé (séu c& trui)
(Grus antigone), O tic (Houbaropsis bengalensis), Ré
mo thia (Calidris pygmaea), Choat mé vang (Tringa
guttifer), Niéc niu (Anorrhinus austeni), Niéc c8
hung (Aceros nipalensis), Niéc md van (Rhyticeros
undulatus), Héng hoang (Buceros bicornis), Khudéu
ngoc linh (Trochalopteron ngoclinhense).

Mo hinh dugc thiét k&€ phéi dat dugc sy can bing
gitta kich thudc nho gon va hiéu nang xt 1y cao. Yéu
cdu nay nham dam bao kha ning suy lun nhanh va tiét
kiém tai nguyén tinh todn. Nho dé, mé hinh c6 thé trién

T—""

Khéng phdt hién loai chim

khai linh hoat trén cdc hé théng mdy tinh c6 c4u hinh
thdp ma van duy tri d6 chinh xac can thiét. Dong thoi,
dé dam bao kha ning xdc dinh céc loai ngoai di liéu
huén luyén, mé hinh dugc tiép can & dang mot ludng
véi 3 thanh phan (1) tién xt Iy d€ dua ra cau trd 16i sém
va cac anh khong chita 16p chim, (2) moé hinh hoc sau
dugc hudn luyén trén bo di liéu dugce thu thip va xi ly
cén than ctia nhdm nghién ctiu va (3) hiu xi ly d€ phan
b6 lai xdc suit du béo céc 16p chim trong tap huin luyén
va 16p chim ngoai tdp huén luyén (16p chua biét).

2.1. Tién xit ly

Mot trong nhiing phuong phap dé sém c6 két luan
vé anh khong chiia 16p chim va tit d6 ting kha ning
lam viéc v6i cac 16p ngoai tap huén luyén la st dung
cdc mo6 hinh nén tang hay cdc mo hinh dugc luyén san
chuyén biét da dugc luyén trén cac bo dit liéu 16n dé ¢
khé nang tdng quét hoa vugt ngoai tap hudn luyén hay
¢6 kha nang nhan biét loai chim ma khong can luyén
lai. Vi du dién hinh vé cdc m6 hinh nén tang véi quy
md 16n duge huén luyén trén tap di liéu da mién, da
nhiém va cé khd ning t6ng quét héa cao la CLIP, ViT,
GPT hay SAM (Segment Anything Model). Tuy nhién,
cac md hinh nay déu c6 kich thudc 16n va tiéu tén nhiéu
tai nguyén tinh toan. Chinh vi vdy, nhém nghién ctiu
da lya chon mo6 hinh YOLOv12n [9] cho muc dich tién
xu ly nay boi day 1a mét mo hinh kich thude nho, toc
do6 cao va vi ban chdt cta cong viéc nay la loai cac dnh
khong c6 16p chim néu thuc su chic chin nén tham s6
do tin cdy phat hién déi tugng dugc dat thap (0,5). Mot
diém nita la trong giao dién clia ting dung chatbot can
chi rd vi tri d6i tugng trén dnh nhim tang kha nang giai
thich két ludn cudi, m6 hinh YOLOv12n phat hién doi
tugng dugc chon cho ca muc dich xac dinh vi tri loai
chim cting nhu phén 16p c6 loai chim hay khéng.

Panh gid cac chi s6 hiéu nang ctia mdé hinh
YOLOvV12n trén bd dit liéu COCO c6 cac két qua:

St dung kich thude dau vao 640x640 pixel.

C6 loai chim trong dnh

Hinh 2. M6 hinh YOLOvI12n luyén sdn phdt hién loai chim trong dnh

98 | TAP CHi MOI TRUONG | CHUYEN DE IV/2025



Dat mAP_ @[.5:.95] = 40.6.

T6c do suy luén trén GPU NVIDIA T4 TensorRT la 1.64 ms moi
anh, véi 2.6 triéu tham s6 va 6.5 ty phép tinh (FLOPs).

Cac chi s6 chting t6 mo6 hinh c6 kich thudc nho gon va hiéu nang
cao (Hinh 2).

2.2. M6 hinh hoc sdu

D€ c6 mo6 hinh hoc sau nhéan dién 26 loai chim nguy cdp, quy, hiém
dugc uu tién bdo vé, nhém nghién cdu cin thu thap bo di liéu anh
ctia 26 loai nay. Céc dnh thu thip cin dam béo tinh dai dién nhu con
trudng thanh, con non, con tréng, con mai, trong mua sinh san hay
ngoai mua sinh san... S6 lugng dnh cho méi loai can thu thap khoang
hon 150 anh. Nham tidng kh& ning nhan dién ding ca céc loai ngoai
26 loai nguy cdp, quy, hiém, ciing nhu kha nidng phan biétloai cia mo
hinh, nhém nghién ctiu da thu thip anh cta mot s6 loai ¢b nhiéu dac
diém tuong dong véi 26 loai nguy cép, quy, hiém. Viéc lya chon loai
nao cing nhu chit lugng anh dugc chon dugc thuyc hién theo y kién
chuyén gia, anh dugc thu thap trén internet va cic ngudn chinh théng
(Sach do Viét Nam; Séch cac loai chim Viét Nam) dugc kiém duyét,
dam bao ban quyén bdi cac chuyén gia va c6 chét lugng dam bao cac
chuyén gia c6 thé nhan dién dugc dung loai. Két qua bo di liéu riéng
déluyén mo hinh hoc sau ¢6 171 loai thudc 12 ho gom: Ho B6 nong,
Ho C6 ran, Ho Diéc, Ho Hac, Ho Co quédm, Ho Vit, Ho Tri, Ho Séu,
Ho O tac, Ho Ré, Ho Hong hoang va Ho Khudu. Bén canh dii liéu
thu thap nay, khi luyén md hinh chung t6i ap dung cac ky thuat ting
cudng (data augmentation) bing cic phép xoay, 1at, cit, dich chuyén,
thay d6i do bao hoa nhim md phong su da dang ctia diéu kién thuc
dia dong thai gitp tiang kich thudc hiéu dung cua tap hudn luyén va
cai thién kha ning khai quat héa cia mé hinh.

Trong nghién ctiu nay, nhém tac gia da tién hanh x4y dung va
thuc nghiém 4 nhém mé hinh hoc séu khac nhau cho bai toan nhin
dién loai chim nguy cap, quy, hi€ém tii anh. Nhém mo6 hinh tht nhat
st dung kién tric mang no-ron tich chp c6 dién tya mang AlexNet
[10], trong d6 cac tham s6 dugc khoi tao ngau nhién va mé hinh duge
huédn luyén hoan toan ti ddu. Cach tiép can nay cho phép danh gia
kha nang hoc déc trung truc ti€p tu dit liéu dnh thu thap va dugc st
dung nhu mot mot hinh cd s¢ d€ so sdnh vGi cdc md hinh khac. Cu
thé, kién tric mang tya AlexNet cho viéc nhan dién loai chim dya
trén anh nhu sau:

Dau vao: 3x224x224.

Khéi dédc trung (Feature Extractor):

Convl: 64@11x11, s=4, p=2 > BN > ReLU > MaxPool(3x3, s=2)

Conv2: 192@5x5, p=2 > BN > ReLU > MaxPool(3x3, s=2)

Conv3: 384@3x3, p=1 > BN > ReLU

Conv4: 256@3x3, p=1 > BN > ReLU

Conv5: 256@3x3, p=1 > BN > ReLU > MaxPool(3x3, s=2)

B phén loai (Classifier): Flatten (256x6x6) > FC 4096 > Dropout
0.5 > FC 4096 - Dropout 0.5 > FC C (s6 16p).

Mo hinh dugc luyén st dung ham mat mat CrossEntropy, bd t6i
uu AdamW, t6c do hoc khéi déu 1a 10-3 va giam dan theo lugc d6
CosineAnnealingLR.

Nhoém mo6 hinh tht hai dua trén kién tric ResNet [11] va ap dung
ky thuét hoc chuyén giao (transfer learning) tu cac trong s6 dugc huén
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luyén trude trén tap di liéu ImageNet.
Céc 16p cudi cung duge diéu chinh dé
pht hgp véi s6 lugng loai trong tip di
liéu nghién ctu. Cach tiép can nay giup
mo hinh tdn dung dugc tri thuc da hoc
vé dic trung hinh thai ty nhién cta cac
loai chim va mdi trudng, nhd dé tang
toc hoi tu va giam hién tugng qua khép
trong diéu kién di liéu han ché. Kién
trac mang dya trén ResNet cho viéc nhin
dién loai chim dya trén anh nhu sau:

Dau vao: 3x224x224.

Khéi nén: ResNet50.

Péiu ra sau khéi Global Average
Pooling (vector c6 kich thudc 2048
chiéu).

Bo phéan loai (Classifier): FC 2048 >
Dropout 0.2 > FC C (s6 16p).

M6 hinh dugc luyén theo hai giai
doan gém giai doan trich ddc trung
(déng bang cac trong sb ctia ResNet) va
giai doan tinh chinh (mé khoéa ddn mot
6 tang sdu nhit ctia RestNet).

Nhém mé hinh thi ba st dung kién
truc Transformer trong linh vuc thi gidc
(Swin Transformer [12]), két hgp véi ky
thuét fine-tuning nham tinh chinh cac
tham s6 ctia toan bo mod hinh. Muc tiéu
la tAn dung khd nidng biéu dién toan cuc
ctia Transformer, gitp md hinh nhén
dién t6t hon cdc méi quan hé khong
gian gitia cac vung hinh anh. Kién trac
mang Swin Transformer cho viéc nhin
dién loai chim dua trén anh nhu sau:

Déu vao: 3x224x224.

Khéi transformer: SwinTransformer.

B phan loai (Classifier): FC 768 >
FC C (s6 16p).

Mo hinh dugc khéi tao tii pretrained
weights trén ImageNet va sau dé dugc
luyén trén bo di liéu riéng véi toc do
hoc 5%10-4, ham mat mat CrossEntropy
va b t6i tu AdamW.

Nhom mo6 hinh thi tu khai thac dac
trung nhing (embedding) tii mo hinh
CLIP [13] — mot mo6 hinh nén tang hoc
song song gifia anh va van ban. Cac
vector ddc trung anh dugc trich xudt
va dua qua mot mang MLP nong dé
thuc hién phén 16p. Céch tiép cin nay
huéng t6i kha ning md rong cho cac
bai todn nhin dién md rong (open-set
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recognition) va tich hgp véi nhén dién tii mé ta van ban. Kién
tric ctia mo hinh nhu sau:

Diu vao: 3x224x224.

Khéi embedding: CLIP ViT-B/16.

Embedding véi kich thude D=768.

B6 phan loai (Classifier): FC 768 > GELU - BatchNorm -
Dropout 0.2 > FC C (s6 16p).

Mo hinh dugc luyén trén bo dii liéu riéng véi toc do hoc 10-4,
ham mét mat CrossEntropy va bd t6i uu AdamW.

Két qua so sanh hiéu ndng gitia cic nhém mo6 hinh cho théy
mo hinh ResNet két hgp hoc chuyén giao dat dd chinh xéc cao
nhit va 6n dinh nhit trén tdp kiém dinh. M6 hinh nay thé hién
kha nang can bang gitia d6 chinh xdc, toc do hudn luyén va tinh
kha chuyén, dong thoi duy tri hiéu qué khi mé rong sang cac ho
hodc loai chim chua c6 trong tap huén luyén. Do dé, ResNet véi
hoc chuyén giao dugc lya chon lam md hinh chinh cho giai doan
nhan dién loai tit anh trong hé thong dé xuat.

2.3. Hju xii ly

Phan loai m& (open-set classification) 1a hudng tiép cin trong
hoc siu cho phép mo hinh khong chi phén loai cdc mau thudc
nhiing 16p da dugc huén luyén, ma con cé kha nang nhén biét va
loai bo cdc mau dén ti nhiing 16p chua tling thdy trong tap hudn
luyén. Khac v6i phén loai dong, gia dinh rdng moi mau dau vao
déu thudc moét trong cac 16p da biét, phan loai md phan anh thuc
t€ phiic tap hon ctia mdi trudng ty nhién, néi mo hinh c6 thé gap
cac loai chua dugc gan nhan.

Trong bai todn nhan dién 26 loai chim nguy cép, quy, hiém, viéc
dp dung phén loai mé 1a cin thiét vi hé théng c6 thé nhan cdc anh
chtia céc loai chim khac khong nam trong danh sdch can bao vé.
Néu khong c6 co ché phat hién “ngoai tdp huén luyén’, mo hinh c6
thé gdn nhdm cac loai thudng gip thanh loai nguy cip, gy sai léch
nghiém trong cho cong tdc giam sat va bao ton. Do dé, viéc tich
hgp nguyén ly phén loai mé giup hé théng nhan dién an toan hon,
chi dua ra két luén khi c6 du do tin cdy, dong thdi ho trg phat hién
céc truong hgp tiém ning cta loai méi hodc chua duge dinh danh.

Trong nhiing ndm gin day, bai todn phén loai m& (open-set
classification) da thu hat nhiéu sy quan tam trong cong dong
hoc séu, dic biét trong cic ting dung c6 tinh da dang va khong
kiém sodt hoan toan nhu nhén dién déi tugng ty nhién, an
ninh sinh hoc hay giam sat PDSH. Cac hudng tiép cin chinh ¢
thé chia thanh 3 nhém: (i) Tiép cin dya trén ngudng xac suit
(thresholding-based), trong d6 mé hinh st dung gia tri softmax
hodc entropy dé€ quyét dinh xem mau cé thudc tdp huidn luyén hay
khong; (ii) tiép can dya trén khong gian ddc trung (feature space-
based), khai thdc phan b6 ctia cdc dic trung 4n d€ phét hién cac
diém bat thudng; va (iii) tiép cin dya trén mo hinh hoéa xac suit
(probabilistic modeling), trong d6 cac 16p dugc biéu dién bdi cdc
phén bé théng ké cho phép danh gia do xa la cia mau mdéi.

Trong s6 cac phuong phép tiéu biéu, OpenMax [14] dugc xem
la moét trong nhiing giai phap nén tang cho bai toan phan loai
md trong hoc sdu. OpenMax md& rong ham Softmax truyén théng
bang cach mo hinh héa phan bs cac dic trung 16p trén khong
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gian kich hoat ctia 16p cudi cung thong qua
phan bd Weibull. V&i méi 16p da biét, mo
hinh hoc céc thong s6 Weibull mo6 ta miic
d6 “xa la” cia mot mau so véi trung tAm
16p. Khi du doan, OpenMax hiéu chinh lai
xac sudt clia cdc 1op bang cach giam trong
68 cho cadc mau c6 do 1éch cao, ddng thdi bd
sung mot 16p “unknown” biéu dién cdc mau
¢6 kha nang ndm ngoai tap huin luyén.

Céch tiép cin nay giap mo hinh khong
chi nhan dién chinh xac cac 16p da biét ma
con phat hién dugc cdc mau bat thudng
hodc thudc loai chua tiing gap, phu hgp
vGi yéu ciu ctia hé théng nhan dién 26 loai
chim nguy cdp, quy, hiém, noi kha ning
phén biét gitia “loai da biét” va “loai ngoai
tap” 1a yéu td then chdt d€ dam bao do tin
cdy va an toan trong tng dung thuc té.

3. KET QUA VA THAO LUAN

3.1. Ditli¢u

Nhém nghién ctdu da thu thip duogc
mot bo dii liéu cua 171 loai thudce 12 ho véi
téng s6 27.457 anh chia tuong déi déu cho
cacloai. Cac dii liéu dnh nay dugc xdo tron
va chia ngau nhién theo ty 1é 80%:10%:10%
vao 3 thu muc:
- Train: Thu muc di liéu d€ luyén mo hinh.
- Val: Thu muc di liéu dé kiém dinh md
hinh, hiéu chinh c4c siéu tham s6.
- Test: Thu muc dii liéu d€ ddnh gia mo hinh.

Trong ca 3 thu muc la cic thu muc con
dugc dat theo tén loai, cac anh cuta loai dugc
ddt trong cac thu muc con tuong ting nay.

v | data_theo_loai

> || test

v | | train
; '35 1_bo_neng_chan_xam
., 2_bo_nong_chan_hong
.| 3_co_ran
| 4_co_trang_trung_quoc
| | 5.vac_hoa
|y bvacra

| 7_co_lua_lun

Hinh 3. Cdu triic thu muc dii liéu



NCHIEN CUU ‘

Bang 1. Thong tin luyén giai doan 1 (déng bang tham s6 ctia ResNet) dén trong qua trinh luyén m6 hinh ma
chi dugc st dung d€ danh gid kha nang

Epoch | train_loss | train@1 (%) | val_loss | val@1l (%) | val@5 (%) nhan biét cic 16p ngoai di licu luyén.
1 2,9541 43,47 1,7588 72,29 93,29 Néu phén theo anh thudc 16p chim hay
2 1,8572 68,98 1,6504 | 75,76 93,81 khong thi 40 4nh nay gém 24 dnh khong
3 1,5558 78,59 1,5426 | 78,48 94,78 ¢616p chim va 16 anh ¢4 16p chim.
4 1,4107 82,71 1,4842 | 80,53 95,34 3.2. Thiét ké, luyén va ddnh gid két

qud mé hinh hoc siu

> 1,2583 87,82 1,3722 84,3 56,23 Mo hinh hoc sau dya trén mo hinh
6 L1413 oL7 1,3347 85,12 96,94 ResNet50 va dugc hoc chuyén giao cac
7 1,0557 94,34 1,2913 86,95 96,64 gid tri tham s6 t md hinh da duoc
8 1,0131 95,77 1,2674 86,87 96,9 luyén trude. Gan vao ResNet50 1a mot

16p Dropout va mot 16p Linear véi s6

Bang 2. Thong tin luyén giai doan 2 (bé dong bang dan cac tham s6 no-ron du ra Ia 171 d€ phan 16p 171

ctia ResNet) loai chim. M6 hinh dugc luyén theo
Epoch | train_loss | train@1 (%) | val_loss | val@1 (%) | val@5 (%) chién lugc 8 epoch dau dong bang cac
1 1,025 95,42 1,2869 86,5 96,68 tham s6 clia ResNet va 22 epoch ti€p
5 1.0597 93.97 13711 83.89 96,34 theo luyén ca cac tham s6 ctia ResNet
theo thu tu ti cic 16p cudi vé€ cac 16p
5 | 104% 244 L3681 | 87 56,01 ddu. Viéc luyén mé hinh da két thic
4 1,0333 24,74 1,3371 85,08 97,09 sém & epoch thit 19 khi hon 10 bude
5 1,0105 95,52 1,3263 85,57 96,23 cip nhat gid tri tham s6 ma hiéu nang

6 1,0014 95,74 1,3315 | 85,86 96,12 clia md hinh khong thay déi.
7 0,985 96,3 13466 | 84,93 96,05 Bing 1 trinh bay két qua luyén mo
3 0.9689 96.8 1341 83,77 96,38 hinh trong gi/ai doan 1 (giai doan déng

béng tham s6 ctia ResNet).

9 0,9559 97,12 1,3275 | 85,64 96,64 Bang 2 trinh bay két qua luyén mo
10 0,9495 97,23 1,3104 85,68 96,64 hinh trong giai doan 2 khi d4n bé déng
11 0,9345 97,61 1,296 85,86 96,64 béng cac tham s6 ctia mo6 hinh ResNet.

Qua trinh luyén da két thic sém &
Thém nita, nham muc dich danh gia hiéu suat cia moé hinh d6i v6i  epoch thi 11 cta giai doan nay.

cac 16p ngoai tap luyén, nhém nghién ctiu tao thém mét thu muc 0_ Ciac biu d6 ctia haAm mat mét va do
unknown chtfa 40 file anh ctia cac loai nhu ché (4 anh), méo (4dnh),xe  chinh xé4c theo s& epoch luyén mo hinh
dap (4 anh), 6 t6 (4 dnh), hoa ly (4 dnh), hoa hong (4 dnh), ga (4 anh),  dugc thé hién trong céc Hinh 4 va Hinh 5.
chim b6 cau (4 &nh), chim sé (4 anh), va vet (4 anh) dugc thu thap Bo dit liéu kiém dinh (test) sau khi
trén Internet. Bo di liéu 0_unknown nay hoan toan khong dugc biét  dugc b6 sung thém 40 dnh cho nhan

Qua Trinh Giam M&t Mat (Loss) qua cdc Epoch 65 Qua Trinh Téang B Chinh Xac (Accl & Acc5) qua cac Epoch
3.00 — Train Less
3 —— Validation Loss
e ] B e ST R I = e Best val Loss (1.2674)
I %0
250
225 o0
£
n 2.00 o
g % 0 ‘I'l-
175 g ;
i
150 ) |’I
i
]
125 5 { —=- Train Accl
H — Validation Accl
1.00 H — validation Accs
; ! *+ Best Val Accl (66.95%)
2.5 50 7.5 10.0 2.5 15.0 17.5 25 5.0 1.5 10.0 125 15.0 175
Epoch Epoch
Hinh 4. Ham mdt mdt cda mé hinh hoc chuyén giao  Hinh 5. D¢ chinh xdc Top-1 va Top-5 ctia mé hinh hoc
dua trén ResNet theo so epoch chuyén giao dua trén ResNet theo sé epoch
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¢

“khong biét” c6 t6ng s6 2.912 anh. Stt dung bo di liéu
nay dé kiém dinh mo hinh cho két qué trung binh cho
172 16p (gébm ca 16p unknown khong dugc biét khi
luyén mo6 hinh) nhu sau:

«Top-1 Accuracy: 0,8465.

«Top-3 Accuracy: 0,9365.

«Top-5 Accuracy: 0,9564.

«Top-1 Macro Precision: 0,8509.

«Top-1 Macro Recall: 0,8360.

«Top-1 Macro F1-score: 0,8352.

Dbay la mot két qué tuong doi t6t giup mo hinh ¢
thé dugc dp dung hiéu qua trong thuc t€ nhan dién
loai chim nguy cép, quy, hiém dugc vu tién bao vé. Tuy
nhién, do dic diém ctia dang mo6 hinh déng la c6 ging
du dodn cac anh dau vao thudc cic loai trong bd di
liéu luyén (cu thé la 171 loai) do d6 toan bd 40 dnh
thudéc nhém 0_unknown déu dugc nhan dién la anh
ctia mdt trong 171 loai dugc luyén.

3.2. Xday dung thi tyc tién xit Iy va ddnh gid két qud

Ap dung tht tuc tién xt ly d€ xdc dinh dnh d4u vao
c6 chtia chim hay khong giup két ludn sém qud trinh
nhan dién. Anh khong chita chim dugc du bao véi
nhan “khong biét”. Thyc hién kiém dinh véi cung bo
dii liéu test cho két qua sau:

«Top-1 Accuracy: 0,8386.

«Top-3 Accuracy: 0,9255.

«Top-5 Accuracy: 0,9433.

«Top-1 Macro Precision: 0,8623.

«Top-1 Macro Recall: 0,8265.

«Top-1 Macro F1-score: 0,8354.

C6 thé thdy, khi dp dung tht tuc tién xti 1y, do chinh
xac giam di mét chat nhung bu lai mé hinh da giam
duong tinh gia tii d6 tao diéu kién dé (ing dung chatbot
cudi hoi nguoi dung thém théng tin trude khi dua ra
quyét dinh cudi. Chi s6 téng hgp la Top-1 Macro F1-
score tang mot chut ching to vé tdng thé ép dung tha
tuc tién xtt ly ¢6 hiéu qua. Chi tiét véi nhém 0_know,
viéc tién xu ly da loai 25/40 anh khoi qua trinh nhin
dién bang mo hinh hoc siu va nhanh chéng két luén 25
anh nay khong thuéc moét trong 171 loai.

3.4. Xay dyng thil tuc hdu xit ly va ddnh gid két qua

D€ md hinh c¢6 thé du dodn ca 16p “khong biét”
cling xdc sudt cua no, thay vi dung Softmax trén déu
ra cta ham Logit (véc td 171 chiéu), m6 hinh cin
“khiu tri” xac suflt ti cac 171 16p cho xdc suit cta
16p “khong biét” nay. Viéc tinh toan cac phin can khiu
trtt nay st dung cac phan phdi weibull cho tling 16p
va do do cén trich cdc dic trung tit moé hinh. Céac dic
trung dugc thiét ké dé€ ldy & 16p sau cung ngay trudc
16p phén loai (thuong la d4u ra ctia khoi global average
pooling (avgpool)). Cac vec to ddc trung nay cé kich
thudc 2048 chiéu cho m6i mau anh dau vao. Lép nay

dugc xem la biéu dién tritu tugng nhit cua di liéu,
phén dnh thong tin hinh thai va ngt nghia tdng quét
ma mo hinh da hoc dugec.

Thuyc hién dua toan bé tap huén luyén qua mé hinh
6 ché d¢ suy luan (inference) dé trich xudt cac vector
dac trung. Tuy nhién, chi nhiing mau dugc moé hinh dy
doan dung nhan méi dugce giti lai d€ dam bao rang cac
ddc trung thu dugc thyc sy dai dién cho khif gian dac
trung “chudn” cta tiing 16p. D&i véi moi 16p ¢, thu duge

tap cac vector ddc trung (FEYY véi fe € R4S
1 Ji=1 i

trong d6 N_la s6 mau dugc dy dodn ding cta 16p do.
T tap ddc trung nay, tinh Mean Activation Vector
(MAV) cho 16p ¢ bang cong thic:

1 Z
MAVC :F fic
c

=1
MAYV déng vai tro la “trung tAm” ctia phan bé dic
trung cta 16p trong khong gian biéu dién 2048 chiéu.
Thuc hién md hinh hoa mic do bién thién cta céc
déc trung quanh MAV béng cdch tinh khoéng céch
Euclid-cosine gitia tting vector dac trung  va MAV
tuong ting theo cong thic:

il
df = IIfif ~ MAVl, +5 (1 — cos (£, MAV,)

Trong d6, thanh phén chufn Euclid phan anh d¢
léch vé bién do, con thanh phan cosine do mtic do
khac biét vé hudng ctia vector trong khong gian déc
trung. Ham khoang céch két hgp nay giup cin bang
gitta do 16n va hudng cua dic trung, cho phép md
hinh nhéan biét t6t hon cdc difm ndm xa phan bo
hudn luyén.

Cudi cung, cac gid tri khoang cach {d;} dugc sap
x€p theo tht ty taing d4n va phén pho6i Weibull dugc fit
lén phan duéi (tail) ctia phan b6 nay, nghia la cac gia
tri 16n nhat thé hién cdc diém xa MAV nhit trong 16p.
Phan phéi Weibull dugc st dung dé mo ta xac sudt mot
mau méi ndm “xa bt thudng” so v6i MAV cua 16p,
lam co s& cho cdc mo6 hinh nhin dién mau chua biét
(unknown samples) trong khong gian ma.

Quy trinh nay dugc ldp lai cho tat ca cac 16p, tao
thanh tip cac tham s6 {MAv,, Weibull }, , cung cip nén
tang cho phuong phdp nhu OpenMax, trong dé6 méi
16p c6 mot mo hinh théng ké riéng phan anh viing déc
trung “an toan” cua l6p trong khong gian ddc trung
hoc siu.

Bang cach phan phdi lai xdc sudt tu cac 16p thong
thuong sang cho 16p “khong biét’, tha tuc hau xu ly
cho phép nhan dién ca cac 16p “khong biét” chua hé
dugc biét dén trong tap luyén mo hinh. Thyc hién
kiém dinh véi ciing bo di liéu test (kém ca budce tién
xu ly) cho két qua sau:
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«Top-1 Accuracy: 0,8386.

«Top-3 Accuracy: 0,9255.

«Top-5 Accuracy: 0,9433.

«Top-1 Macro Precision: 0,8623.

«Top-1 Macro Recall: 0,8265.

«Top-1 Macro F1-score: 0,8354.

Két qué kiém dinh trén cho thy ép dung OpenMax c6
cdi tién gidm duong tinh gia va chi s6 téng thé F1-score cd
cai tién. V6i nhém 0_unknown, OpenMax gitip nhan dién
dugc 22/40 anh khéng thudc mot trong 171 loai.

4. KET LUAN

Nghién ctiu da phat trién thanh cong mot giai phap
nhan dién déng tin cdy cho 26 loai chim nguy cp, quy,
hiém dya trén hoc sau tich hgp. Kién tric dé xuit bao
gdm: (i) Giai doan tién xt Iy bang YOLOv12 d€ loai bo
cacanh khong chia d6i tugng chim; (ii) M6 hinh ResNet
tinh chinh dugc hudn luyén trén bo dii liéu chuyén biét
(27.457 anh ctia 171 loai, do nhém nghién ctiu tu thu
thép); (iil) Giai doan hiu xt ly sti dung nguyén ly phan
loai t4p m& nham giam sai léch nhén dang déi véi cac
loai khong c6 trong tap huén luyén. Nhiing dong gép
chinh ctia nghién ctiu la bo dit liéu chuyén biét cung quy
trinh tich hgp ba buéc, cho phép mé hinh dat dugc do
chinh xdc cao (Macro F1-Score la 83,54%) va kha ning
van hanh &n dinh trong moi trudng thuc té.

Tuy nhién, mét s6 han ché van ton tai nhu: B di
liéu hién chua bao quét day du bién thién ty nhién va
kha nang nhén dién tdp md mdi chi dugc danh gia &
mtc do ban dau. Cac huéng nghién ctiu ti€p theo sé
tap trung vao m& rong di liéu ti cdc nguodn bay anh
(camera traps) va khoa hoc céng dan, cai thién co ché
phat hién ngoai tap hudn luyén (Out-of-Distribution/
OOD), phit trién hé théng hoan chinh d€ trién khai
tai cac khu bdo ton va vion qudc gia. Nghién ciiu ciing
khuyén nghi co quan quén ly cin tang cuong dau tu
xay dung co s& di liéu DPDSH chudn héa quéc gia va
tich hgp cdc hé thdng nhéan dién ty dong vao hoat dong
giam sat thuong xuyén. Diéu nay nhdm nang cao hiéu
qué bao ton va quan ly bén viing tai nguyén sinh hoc.

Léi cdm on: Bai bdo st dung két qud nghién ciiu
cia nhém tac giag khi thuc hién dé tai “Nghién ciiu
ting dung cong nghé tri tué nhan tao (Al) xdy dung hé
théng hé trg nhan dién lodi nguy cdp, quy, hiém dugc
uu tién bdo vé - thii nghiém doi véi I6p chim”, (ma so
TNMT.2024.04.02)m
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