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TOM TAT

Nhén dién biéu cam khudn mat 1a van dé giao ti€p gitta nguoi va mdy tinh va co rat
nhiéu tng dung trong cudc sdng ngay nay. Do su twong dong gitra cac biéu cam
khudn mat, viéc trich xudt cac ddc trung d€ nhan dién gdp nhiéu thach thicc. Trong
bai bdo nay, chiing toi st dung mot nén tang phan mém lam viéc v4i may tinh luvong
ttr (Qiskit) d& nghién cttu vé nhan dién biéu cdm khudn mat bang may hoc lugng tt.
Chung t6i trién khai bo phan loai luong tir c6 giam sat va xay dung mach luong ti
dé€ nhan dién hai biéu cam khudén mdt “HAPPY” va “SAD” trén may tinh luwong tt.
Céc dac trung duoc anh xa thanh bién dd cta trang thai lwong tir tao thanh dau vao
cho mach luong tr phéan loai hinh anh. Két qua cho thay rf”ang viéc nhan dién biéu

cam khu6n mat dwa may hoc lugng te sé chinh xac va hiéu qua hon.

Tw khoéa: Bi€u cam khu6n mat; thuat toan luong ti; mach luong ti; méy tinh luong

tt; may hoc luong tte.

1. MO PAU

Cam xtic ctia mdi ngudi c6 thé duogc bdc 10 ra bén ngoai qua nhiéu phuong thic:
hanh dong, ct chi, 10i ndi va dac biét 1a biéu cam trén khudn mat. N6 truyén tai phan
16n thong tin can biéu dat va thé hién nhitng cam xtc ndi tai rd nhat khi giao tiép phi
ngon ngt. Hién nay, cong cudc nhan dién biéu cam khudn mat (FER) la mot trong cac
van dé hét strc thu vi va day thach thire nhat [1]. Pay la mot linh vuc ndi bat trong giao
ti€p gitta nguoi va may tinh, n6é déng vai trd quan trong trong thoi dai ma tri tué nhan
tao dang phat trién v cung manh mé [2]. FER duoc ting dung trong nhiéu linh vuc khac
nhau, nhu truyén thong tin tin hiéu cam xtic con nguoi [3], tro li a0 d& hd tro cdng viéc
[4], nhan dién nét mat trong Robot an ninh [5], chdm sdc stc khoe [6, 7], gido duc [8]...
Nho d6, n6 da nhan dwoc dong dao sy quan tam khong nhitng ctia nhitng ngweoi nghién
cttu cong nghé thong tin ma con cac nha khoa hoc & cac Iinh viee lién quan khac.
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Trong sudt hai thap ki qua, da c6 nhiéu phuwong phap xt li trong FER nhu ving
quan tam (ROI), bd loc Gabor (GF) hodc mdy vecto hd tro (SVM)... [1], ciing vdi cac
thuat toan ¢ dién nhuw mang than kinh tich chép [9], hay dwa vao tinh nang chuyén
dong ctia khudén mat [10]. Tuy nhién, t6c do x1t li ctia cac cong nghé trén van chua thé
dap tng duoc nhu cau khi dit liéu 16n, hoac nhitng hinh anh c¢6 tinh déng, mo, nghiéng
goc, da chiéu...

Trong khi d6, may tinh lwong t (MTLT) la mot cong cu day tiém nang va méi
mé d6i vdi cac nganh khoa hoc, da va dang duoc khai thac d€ trd thanh mot thiét bi tién
tién vuot trdi va t6i wu nhat [11]. MTLT hoat dong trén cac tinh chét co hoc luwong ti nhw
“nguyén li chong chat” va “vudng viu lugng ti”. Pon vi thong tin trong MTLT la bit
lwong tir (qubit) dwoc bidu dién boi hai trang thai lwong te 11) va |0). Trang thai cta
mot qubit duoc biéu dién nho tinh chong chat lwong ti: 1 = a|1) + b|0), trong d6 cac
bién do lwong tir a va b 1a cac s phirc tuy y thoa man diéu kién chuan hoa |a|? + |b|? =
1, dong thoi |al? va |b]? cho ta xac sudt d€'y ¢ trang thai twong tmg 11) va 10). Viéc két
hop tinh chat lwgng tir vao may hoc sé lam tang toc dd xi 1i va hiéu qua khi dix liéu 16n,
dd la mot phan ctia may hoc lwgng tir [12]. Chinh vi thé, MTLT c6 nhiing 1oi thé x 1i
thong tin véi téc do nhanh dang ké va cd tiém nang phat trién so vdi cac cong cu c¢d dién
[13, 14].

Mot s6 nghién cttu da tng dung MTLT dé nhan dién thanh cong biéu cam “vui”
va “budn” trén khudn mat ¢ nhiéu tu thé va nhiéu goc do hon [15, 16]. Tuy nhién, cac
nghién ctru nay chwa cé sy doi sanh gitra viéc thuc hién FER bz“ing thuat toan co dién va
MTLT.

Trong bai bao nay, chuing t6i phan tich, tinh toan va stt dung thuat toan luong tte
chay trén nén tang Qiskit cia MTLT - IBM [17] d€ nhan dién hai biéu cam pho bién la
“Happy” va “sad”. Pong thoi, chiing t6i so sanh vdi két qua thu dwgc tir thuat toan co
dién d€lam ndi bat wu thé caa MTLT. Cac két qua thu duoc c6 thé gép phan phat trién
cac thuat toan luong tir FER hiéu qua hon, cing nhu c6 thé gitup hiéu r6 hon vé cach
thitc hoat dong ctia cac thuat toan lwong tir va cdc mach lwong tir nham gép phan thic
day su phat trién ting dung luwong t& méi véi pham vi 16n hon va da dang hon.

Nbi dung tiép theo duoc bd tri theo cAu triic nhu sau. O v6i phian 2, chiing t6i dé
xudt phrong phap thuc hién. Nhan dién hai biéu cam cac theo phuong phép c6 dién 1an
trén may tinh luwgng t tir tng dung Qiskit duoc bao cao & phan 3.

2. PHUONG PHAP NGHIEN CUU

Trén trinh chay Qiskit ching toi tao mot folder “datasets” lam tap dit liéu, trong
d6 6 hai folder con 1a “NDKM” da gén nhan cam xtc ding d€ 1am tap huén luyén va
“TEST” d€lam d liéu dau vao phan loai biéu cam. Folder “NDKM” chtra hai folder con
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“happy”, “sad”, v6i 50 hinh anh kich thwdc 1024x1024 cho hai biéu cam tir siéu di liéu
hinh anh FFHQ [18], sau d6 chiing t6i tién hanh xay dung cac file diém mdc twong ting
cho mdi hinh anh, twong tw nhw vay chiing t6i tim kiém 15 hinh anh cho mdi biéu cam
va xay dung céc file diém moc twong ting cho hai biéu cam “Happy”, “Sad”. D6i voi
folder “TEST” cting dugc tao hai folder con “happy”, “sad” véi sO luwong 15 anh, 15 file
diém mdc tuwong tmg cho mdi biéu cam Nhu vay ching t6i da xay dung duoc tap dir
liéu huédn luyén “NDKM” véi 80 hinh anh, 80 file diém mdc va tap thr phan loai biéu
cam “TEST” v6i 46 hinh anh, 46 file diém mdc. Hinh 1 mé ta vi du mdi biéu cam dwoc
dai dién bang mot tap hop cac anh kich thudce 1024x1024 va céc file ¢6 68 diém mdc.

Chung t6i Iira chon mot tap hgp con ctia dit liéu hinh anh va gén nhan cho ting
muc trong tap hop con nay, sau d6, ma héa cac phién ban dwoc gan nhan va mot phién
ban thit khéng duoc gan nhan thanh cac trang théi lwong tir. Cac trang thai nay sau do
duoc str dung lam dau vao cho mach luong tr d€ du doan nhan cua cac muc th nghiém.

M

Hinh 1. Biéu cam “Happy” v6i 68 di€m méc
Nhiém vu duoc chia thanh céc giai doan cu thé dé€ thuc hién qua trinh nay:
Buoc 1: Tién xt li hinh anh: danh dau va trich xuét vi tri ctia 68 diém mdc nay.
Buoc 2: Trich xudt dédc trung tir cac diém maoc: tao ra mot danh sach cac tinh nang
bang cach tinh khoang cach gifta hai diém bat ki trong tap hop cac diém mdc.

Buéc 3: Phan loai: xac dinh liéu mang cac dac diém trich xuat ti hinh anh c6 lién
quan dén trang thai biéu cam nao bé”mg mo hinh mach lwong tu.

3. KET QUA NGHIEN CUU VA BINH LUAN
3.1. Trinh phén loai c8 dién

Muc dich ctia qud trinh nay 1a phan loai dit liéu dau vao duoc biéu thi bang G_test
s€ cd nhan gan véi nhan biéu cam “HAPPY” biéu thi boi G_happy hay gan hon véi nhan
biéu cam “SAD” biéu thi boéi G_sad dua trén ham do khoang cach Euclide cua ching.
Ham do khoang cach Euclide [15] 1a mét ham duoc sit dung dé€ tinh khoang cach gitra
hai diém hodc hai tap hgp diém trong khong gian Euclide, trong nguyén cttu nay chung
t6i st dung ham Euclide d€ so sanh cac dac trung khuoén mat dwoc trich xuat tir hai hinh
anh [17]:
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Def classical distance(G_happy, G _sad, G _test, tol=0.00001):
distance_happy = np.linalg.norm(G_happy-G_test)
distance_sad = np.linalg.norm(G_sad - G_test)

difference = distance_happy - distance_sad

the_difference = @ if np.abs(difference) <= tol else
difference

return difference, ["EQUAL", "SAD",
"HAPPY"][int(np.sign(the_difference))]

Chung t6i cling tao ngudng dung sai t0/=0,00001 dé& x1 Ii 16i va nhiéu, dong
thoi dat difference thanh 0 néu gid tri tuyét d6i ctia né nhéd hon hodc bang tol. D& thuan
tién hon trong viéc gan nhan chiing t6i st dung ham np.sign(the_difference) d€ xac
dinh d&u cta the_difference, nhu vay néu sign(difference) = 0 sé duoc gan nhan
“EQUAL”, c6 nghia la khoang cach G_test dén hai dai dién G_surprised va G_tired la
bang nhau; tuong tw ching tdi c6 sign(difference) = 1 s& dwoc gan nhan “Happy” va
sign(difference) = -1 s& dugc gan nhan “Sad”.

K&t qua phan loai dting v&i 43/50 nhan, tiong tmg xac suat 86% (Hinh 2). Uu
diém cda trinh phan loai nay la don gian chi st dung cac cong thitc thuat toan cd
dién, dé hiéu va dé dang mé rong. Tuy nhién trinh phan loai nay do bi anh huong
nhiéu boi cac dai dién nhan, do dic trung vung miéng chwa day du dé€ két luan biéu
cam, nhu vung miéng ctia biéu cam nay dwgc mo rong tro nén kha twong dong voi
biéu cam khac lam cho trinh phéan loai m§t s6 nhan chwa dung.
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Hinh 2. Két qua phan loai dang xudt man hinh khi chay thuat toan co dién.

‘!

3.2. Trinh phan loai lugng t

48



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
S6 chuyén san Vat ly Tap 27, S6 1C (2024)

Mach lwong ti duoc tao voi dit liéu dau vao G_test va hai dai dién G, va G, biéu
dién cho hai biéu cam “Happy” va “Sad”. Dau vao cua mach bao gom bon thanh ghi
nhu thé hién ¢ Hinh 3: Thanh ghi qubit don déau tién la) dwgc goi la thanh ghi phuy;
Thanh ghi th hai 17) la thanh ghi chi muc; Thanh ghi th ba Id) la thanh ghi d liéu;
Thanh ghi thit tw [c) 1a thanh ghi 16p [17,19].

Discard 1

@) —{ o —9 X A
iy — ] x| @
|d) I_Gt;‘ Go G1

bl
) -
Hinh 3. Mach luong ttt hai biéu cam “ Happy” va “Sad”
Mach bat dau 6 trang thai: 0),|0);]0)4]0).
1. Cong Hadamard tao trang thai chong chat déu:
1
5 (10) + 1192 (10} + [1):10)4[0)c
2. Sau khi khoi tao cd kiém soat phién ban th nghiém, trang thai la:
1 1
510)a(10) + [10il0)al0)c + 5 11)a(10) + [1))ilGrest)alO)e;

3. Trang thai sau thao tac X trén qubit phu la:

1 1
510)a(10) + [1)ilGrestal0)e +511)a(10) + 1)):]0)alO)c;

Dt liéu Giese hién duoc vudng viu thanh ghi phu |0) va diéu nay sé cho phép
ching t6i can thiép vao dit ligu.

4. Sau khi khoi tao kiém soat kép cta dai dién dau tién:
1 1 1
51002(10) +11))ilGrest)al 0)c +511)al0):l0)al0)c + 5 11)al1)ilGo)alO)c:
5. Trang thai sau thao tac X trén thanh ghi chi muc:
1 1 1
510)a(10) + [1)ilGrest)al 0)c +511)al0)ilGodalO)c + 5 11)al1)il0)alO)e;
Dt liéu Gg hién dugc viedng viu vao thanh ghi phu |1) va chi muc |0);
6. Sau khi khoi tao diéu khién kép ctia dai dién thi hai, trang thai la:
1 1 1
510)a(10) + [1)ilGrestal0)c +511)al0)ilGo)alO)c + 5 [1)al1)ilG1)al0)c;
Dt liéu G, bay gio duoc vuedng viu vao thanh ghi phu |1) va chi muc |1);
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7. Sau khi thyc hién cong diéu khién CNOT thanh ghi chi muc véi thanh ghi 16p,
trang thai la:

1 1 1 1
E |0)a|0>i|Gtest>d|0)c + E |0>a|1>i|Gtest>d|1)c + E |1)a|0)i|60>d|0)c + E |1>a|1)i|61)d|1)c;

Dé€ truc quan hoa, chung toi dat |0). 1a |yo). va [1) la |yq)e:

1 1 1
510)al0ilGrestdalyode + 5 10)al1)ilGrestdalyr)e +511)al0)ilGodalyo)e
1
+511alLilGr)alyi)e;

Duoc sap xép lai thanh phuong trinh sau:

1
5 D (10lGesda + DalG)) kil
k€E70,1}

Chi s0 thanh ghi chi muc |0) nay véi 16p y, va chi muc 1) véilop yy;

8. Sau cong Hadamard cudi cung, trang thai la:

Z (10)a(|Gtest) + 1GkNa + |1)a(Grest) — [Gre)) ) 1K)il i) e
k€f0,1}

22

Hoat dong nay can thiép vao dit liéu G_test voi Gy va G; cho phép tinh toan
khoang cach. Dya trén mach luong tir da xay dung ¢ trén, chung toi trién khai xay dung
mach lugng te trén trinh Qiskit chay MTLT-IBM nhu sau:

def quantum_distance(G_happy, G_sad, G_test, tol=0.00001,
backend=None):

SHOTS = 10000

gc = quantum_distance_circuit(G_happy, G_sad, G_test)
keep_auxiliary zero = False
if keep_auxiliary_zero:

distance_happy

counts['1 @']

distance_sad counts['0 @']
else:

distance_happy

counts['e 1']
distance sad = counts['1l 1']

difference = (distance_happy - distance_sad)/SHOTS
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the_difference = @ if np.abs(difference) <= tol else
difference

return difference, ["EQUAL", "SAD",
"HAPPY"][int(np.sign(the_difference))]

Bang cach wdc tinh x4c suat caa két qua trén thanh ghi 16p y, = 0 hodcy; = 1
chung t6i 6 thé wéc tinh khoang cach gitta Gy, Gy lién quan dén khoang cach gitra
Gieost, Go. Do d0:

Vo, > 0.5
Vtest = { Y1, <0.5
equals, =105

Dé€ giam thiéu sai sot do tinh chat xac sudt ctua tinh toan, chung toi c6 thé dua ra
mot sai s6 € nho xung quanh ranh giéi gitta hai khoang cach:

Vo, >05+¢€
Ytest = {J’L <05-¢€
equals, otherwise

Dé dang thdy rang, sau khi dit liéu duoc tai, phan mach tinh toan khoang cach
6 s0 luong thao tac khong doi, va do dé dd phtc tap cua no la 0(1), trong khi bat ki
thuat toan c6 dién nao cling can 0(n) cac budc, trong do n la s6 lwong thanh phan caa
vecto.

D€ don gian, chung t6i chi xét tap con cac diém mdc déc trung cua cdc mat. Diéu
nay cho phép chung tdi giam luong thong tin dwoc ma hda trong mach luong ti. Cu thé,
c6 thé xem xét nhitng diém lién quan dén miéng véi gia dinh rang viing miéng mo rong
6 lién quan dén cam xutc ngac nhién va vung miéng hep co lién quan dén cam xic mét
moi. Vi du cac diém mdc vung miéng ¢ Hinh 4.

Hinh 4. Biém mdc vung miéng ddc trung cho biéu cam

Vi li do nay, chiing t6i xdc dinh ham pick_mouth_points tao ngau nhién mot tap
hop con gom n dinh trong pham vi di€ém mdc tir vi tri diém thit 48-68 ma khong lap lai.

d def pick mouth_points(n_points):
MOUTH_START, MOUTH_END = 48, 68

return np.sort(np.random.choice(range(MOUTH_START, MOUTH_END),
n_points, replace=False))

Cudi cung, ching téi trién khai phan loai va in k&t qua ra man hinh:
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def visualize_imagess(face):

imagess = pltimg.imread(face["image"]
plt.figure(figsize=(2, 1), dpi=150)
plt.imshow(imagess)

plt.show()

n_points = 20

is_complete_graph = True

is_quantum = True

CLASSIFICATION_PER_ITEM = 15

correct, wrong = 0, ©

for test_instance in testing_set:

happy_instance = random.choice(happy_training set)
sad_instance = random.choice(sad_training set)

label = faces_classifier(happy_instance, sad_instance, test_instance,
is_quantum=is_quantunm,
is_complete_graph=is_complete_graph, n_points=n_points)

if label == test_instance["label"]:
correct += 1
print(f"Phan loai: {test_instance['label']}")
print(f"\nNhan: {test_instance['label’']}", end="")
else:
wrong += 1
print(f"Phan loai: {label}", end="")
print(f"\nNhan: {test_instance['label']}", end="")
visualize imagess(test_instance)

print(f"\n D3 phan loai ding {correct} khuén mat va phan loai sai
{wrong} khudén mat")

Két qua thuc hién trinh phan loai luong tir thé hién ¢ Hinh 5 vdi ti 1é dang 49/50
chiém 98% (tang 12/% so voi cd dién) cho thdy trinh phéan loai lwong tit chinh xac hon
nhiéu so vdi trinh phéan loai ¢ dién, han ché mot sd van dé nhiéu va khong bi anh huong
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nhiéu boi cac dai dién nhan dwogc chon. Uu diém cta trinh phan loai lvong ttr 1a ¢6 thé
hoat dong phan loai cing lic nhiéu nhan nho tinh chong chat va vudng viu luong ttr.

HEDEEEAR2A
BREQBPAEE "
Ra18:cBEERR
T FEPLETITD
PEEREIEESA

Hinh 5. Két qua phan loai (PUNG) xu4t ra man hinh khi chay thuét toan luong ti.

4. KET LUAN

Trong bai bao nay ching t6i da xay dung duwoc mot tap div liéu bao gom cac hinh
anh, file gia tri di€ém mdc ctia hai biéu cam “Happy” va “Sad. Chung t6i tinh toan va dé
xuat phwong phap FER dua trén cong cu tinh toan lwgng t béng cach st dung cac dac
diém trén khuon mat d€ ma hoa thanh ddm may diém mdc tir d6 xay dung d6 thi va ma
héa sang dang ma tran. Chang t6i da trién khai thanh cong d6i vdi trinh phan loai luong
te hai biéu cam véi do chinh xac khoang 98% va cao hon trinh phan loai c6 dién, diéu
nay cho thay phuwong phép luong tir hoat ddng thue sy hiéu qua va vugt trdi so vdi cac
phuong phap co dién. Néu MTLT c¢6 s6 qubit du dung, thi phuwong phap nhén dién biéu
cam khudn mat lwong tir c6 thé trd thanh mot cong cu manh mé cho cac ing dung thue
t€, gop phan xay dung cac phwong phép trong cong cudc phat trién nghién ctru vé hanh
vi, biéu cam con nguoi.
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FACIAL EXPRESSION RECOGNITION VIA QUANTUM MACHINE LEARNING

Truong Van Minh, Dang Thi Khanh Linh, Nguyen Nhat Uyen,
Nguyen Minh Chien*, Dung Van Lu

Faculty of Physics, University of Sciences and Education, Da Nang University
*Email: chien19022003@gmail.com
ABSTRACT

Facial expression recognition is a key challenge in human-computer interaction with
numerous applications in modern life. . To accurately identify a range of
expressions, it is essential to extract distinct features that correspond to specific
emotions. In this paper, employ Qiskit, a quantum-compatible software platform to
study facial expression recognition through quantum computers. We implement a
supervised electronic quality classifier and develop an electronic circuit to identify
two facial expressions "HAPPY" and "SAD" on the quality computer. Input features
are mapped to quantum states. The results indicate that Facial expression

recognition based on quantum machine learning will be more accurate and efficient.

Keywords: Facial expression, quantum algorithm, quantum circuits, quantum

computers, quantum machine learning.
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