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ABSTRACT

Nowadays, the use of robots as substitutes for humans has been
increasingly prevalent. Robots are progressively integrating advanced
technologies such as artificial intelligence, Internet of Things (loT), and
more, enabling them to operate autonomously like humans. Service robots
are applied in many fields and industries such as health, education,
rescuing, military, etc. This article presents design and control of an
intelligent robot for library services, in which most advanced technologies
are combined in a very reasonable way to create better experiences for
readers and meet needs of a modern library. The robot is equipped with
facial recognition capabilities, allowing it to identify and interact with
individual users. Additionally, users can utilize the robot for tasks such as
borrowing and returning books and searching for book information without
visiting to service desks. Furthermore, the robot can detect and navigate
around objects, furniture, and people moving within the library, ensuring
safety for both users and the surrounding environment. Library managers
can monitor and control the robot through an online interface, facilitating
effective management and supervision of the robot's activities.
Experimental results have demonstrated effectiveness and feasibility of the
developed robot in real-world operational environments.
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TOM TAT

Ngay nay, viéc sir dung céc robot phuc vu thay thé con nguoi dang ngay
cang tré nén pho bién. Robot ngay cang dugc tich hop cac cong nghé cao
hién dai nhu tri tué nhan tao, van vat két ndi (IoT)... dé robot c6 thé hoat
dong tu dong nhu mdt con nguoi. Robot phuc vu dugc (ing dung trong da
linh vie, da nganh nghé nhu y té, gido duc, ctu tro, quan su,... Bai bao
nay trinh bay su thiét ké va didu khién mot mo hinh robot théng minh phuc
vu thu vién, & d6 cac cong nghé tién tién nhat s& duoc két hop mot cach rat
hop 1y dé tao ra trai nghiém t6t hon va dap tng dugc nhu cau van hanh hiéu
qua trong thu vién cho nguoi sir dung. Robot dwoc trang bi kha nang nhan
dang khudn mat, gidp hé thong nhan biét va tuong tac véi tirmg nguoi dung.
Bén canh do, nguoi dung c6 thé sir dung robot dé muon séch, tra sach, tra
ctru thong tin sach ma khong can dén quay phuc vu. Ngoai ra, robot c6 thé
xéc dinh va tranh céc vat thé, ban ghé, va ngudi di lai trong thu vién, dam
bao sy an toan cho ca ngudi dung va moi treong xung quanh. Ngudi quan
ly thur vién c6 thé theo ddi va diéu khién robot thong qua giao dién truc
tuyén, giGp quan Iy va gidm sat hoat dong cua robot mot cach hiéu qua.
Céc két qua thuc nghiém da cho thay hiéu qua lam viéc va tinh kha thi cua
robot trong méi truong hoat dong thuc té.
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1. Giéi thiéu

Robot dang trg thanh mot phan quan trong trong cudc séng hién dai, mang lai su tién loi va tién bo
cho nhiéu linh vuc. Véi kha niang ty dong va théng minh, robot c6 thé thyc hién cac nhiém vy tir don
gian dén phic tap ma trudc day chi co con ngudi mai c6 thé 1am. Robot mang lai hiéu suat va hiéu qua
cao, giam cong strc lao dong va rai ro cho con ngudi. Tuy nhién, viéc nghién ciru va phat trién robot
khong chi tap trung vao kha ning k¥ thuat ma con dit ra cac thach thirc vé dao dirc, an ninh va tuong
tac Vi con ngudi. Dicu nay doi hoi su can nhac can than va quyét dinh théng minh dé dam bao rang
robot dap tmg dwoc nhu cau va tao loi ich thiét thuc cho x4 hoi [1]-[4].

Thu vién dugc xem la noi hoi tu kién thire ciia ca nhan loai, chuyén cung cip cac nguon thong tin da
dang va cd té chirc cho moi dbi twong doc gia. Bé hoan thanh st ménh cua minh, nhiéu ngudn tai liéu
dugc td chic theo so d6 phan loai va quy tic bién muc trudc khi phd bién cho cong ching sir dung. Do
céc budc ki thuat phirc tap trong viéc quan ly tai nguy@n nén c6 nhiéu cap do nhiém vu khac nhau danh
cho ngudi sir ding. Thong thudng, ngudi sir dung trong moi trudng thu vién vat ly phai thuc hién nhiéu
thii tuc, chang han nhu tim kiém va xac dinh cac tai nguyén c6 sin thdng qua danh muyc truy cap cong
cong ma, ghi lai sé dién thoai, di theo cac bién bao trong khong gian thu vién va di chuyén giira cac ké
dé tim tai liéu vat liéu mong muén [5].

Nhiéu robot thong minh d va dang dugc phat trién c6 thé dugc sir dung cho méi truong thu vién.
Trong cac nghién ctu [6], [7], cac robot théng minh da dugc nghién ciru dé giao tiép va giai dap cac cau
hoi ciia nguoi dung bang nhiéu ngdn ngir khac nhau. Mot robot théng minh khac, duoc dit tén 1a Tu
Xiaoling, da dugc dua vao sir dung tai thu vién Thanh phé Thuong Hai, Trung Quéc vao nam 2022.
Ngoai tinh ning giao tiép tét, robot nay cé trang bi thém kha ning tu van céc chu dé thong thuong cho
doc gia [8]. Nam 2019, mot robot méi, tén 1a Libby, da duoc gidi thiéu dé phuc vu cho hoat dong cua
thur vién trudng Pai hoc Pretoria, Nam Phi [9]. Robot Libby ¢6 thé nhan dang khudn mt nguoi ddi dién
va giao tiép duoc bang glong noi. Robot trén cling duoc trang bi khd ndng doc dugc cu chi tay clia nguoi
dbi dién. Véi yéu cau ngay cang cao trong hoat dong van hanh thu vién, cac robot c6 kha niang di chuyén
thong minh duoc wu chuong hon [10]-[12]. Nhu mét xu thé, mot nhém chuyén gia tai Truong Pai hoc
Su pham K§ thuat TP. H5 Chi Minh da nghién ctiu, ché tao va van hanh thanh céng mat robot théng
minh, tén 1a Miabot. Kha ning di chuyén da huéng va c6 thé giao tiép voi nguoi sir dung bang giong
n6i 1a cac diém ndi bat cua nghién ctu nay [13]. Nam 2018, mot robot dich vu khac, tén 1a Robbie, da
duoc dua vao hd trg hoat dong thu vién Truong Temasek Poly, & Singapore [14]. Robot Robbie nay
trang bi tinh nang di chuyén linh hoat, tranh cac vat can dong, va sac tu dong. Ngoai ra, hé thong nay
cling tich hop thém cac tinh nang quét ma sach tu dong, thong bao cho nhan vién thu vién cac trudng
hop sach bi xép sai chd, hd trg tra ciru thong tin nguoi sir dung va thong tin séch.

Tuy nhién, nhin chung céc tinh ning duoc trang bi trén céc robot hién nay van con han ché chua dap
g duoc hau hét cac nhiém vu co ban trong thu vién. Céc tinh ning can thiét dé gitp robot c6 thé tu
chu hanh dong nhu mot ngucyi van hanh thu vién bao gom: (I) Tinh nang nhan dién khuén mat hoac quét
thé théng tin s& glup robot ¢ thé dinh danh ngu’O’I dung, giam sat va quan ly nguoi ra vao thu vién; (ii)
Tinh ning giao tiép giong noi s& gilp robot c6 thé trd chuyén twong tac va chi dan cho ngudi st dung;
(iii) Tinh ning tra ctru, mugn VA tra sach sé thay thé hoan toan céc quy trinh muon tra thii cong va thay
vao do6 1a quy trinh muon tra hoan toan dwoc s6 hoa va dat tinh chinh xac cao. Bén canh d6, chirc ning
tra ciru chi dan con giup ngudi doc d& dang tim kiém, niam bit thdng tin céc tai liéu dang can ma khéng
can ton qué nhiéu thoi gian tim kiém thii cong nhur trude day; (iv) Ngoai ra, robot thu vién con dugc yéu
cau tich hop camera giam sét truc tuyén gitp cho ngudi van hanh hoan toan cé thé diéu khién, giam sat
quy trinh hoat dong dién ra trong thu vién tir xa thdng qua mang Internet.

Do d6, trong nghién ctru ndy, mot md hinh robot dich vu méi dugc dé xuat véi su tbng hop tat ca cac
tinh nang théng minh trén phuc vu cho moéi truong thu vién. Cac cdng nghé xu hudng nhu xir ly hinh
anh nhan dién khudn mat, cdng nghé nhan dang phén tich giong noi, cong nghé tu hanh va céng nghé
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két ndi van vat (IoT) dugc sir dung dé phét trién cac tinh nang thong minh cho robot. Ngoai ra, mét giai
phap truyen thdng gitra hai may tinh thong qua b dinh tuyén khong day ciing dugc 4p dung trong nghién
ctru nay nham gidp hé théng van hanh tron tru vaéi s6 lwong dir lidu tai liéu va théng tin ngudi dung lsn.
Céc cdng nghé tién tién trén s& duoc tich hop mot cach hop ly nham mang lai hiéu qua lam viéc tt nhat
cho robot trong cac nhiém vu phuc vu thu vién. Cac két qua thuc nghiém trong méi truong van hanh thu
vién thyc té da cho thay dwoc hiéu qua lam viéc cia hé thong duoc dé xuat.

Phan con lai caa bai bao dugc sip xép nhu sau: thiét ké phan cirng mé hinh va quy trinh hoat dong
cua hé théng s& duoc trinh bay trong Phan 2; két qua danh gia hiéu qua lam viéc cua hé théng trén moi
truong md phong va thir nghiém thyc té duoc thao luan trong Phan 3; sau do, bai bao duoc tong két o
Phan 4. Cac ly thuyét nén tang, dir liéu va thao luan lién quan khéc c6 thé dugc tham khao trong cac
Phu Luc.

2. Xay dung hé théng robot

Thiét két phan than cua robot s& dugc trinh bay trong phan nay. Tiép theo d6 14 thao luin quy trinh
hoat dong cua robot dé dap ng yéu cau lam viéc tai thu vién. Ly thuyét cua cac cong nghé dugc ap
dung trong robot c6 thé dugc tham khao trong cac Phu Luc A va B.

2.1. Thiét ké phan cing

M® hinh bao gdm 3 phan chinh la dé, than va dau robot. M6 hinh duoc thiét ké dé dam bao tinh chic
chan, thim my, khi di chuyén it bi rung lic. Chiéu cao ciia robot phit hop dé co thé sir dung duoc véi
nhiéu ddi twong sinh vién cé chiéu cao khac nhau.

Khung dé duge xay dung tir cac thanh nhém dinh hinh 20x20 mm va 20x40 mm. Phan v6 xung quanh
dugc gia cdng bang nhya nguyén khéi. Phan than xwong dugce lam tir vat ligu nhém dinh hinh 20x40
mm va 20x20mm. V6 ngoai duoc gia cd bang su két hop cac vat liéu nhu cac tAm mica Smm, nhya in
téng hop va nhom tdm 1mm. Phan diu duoc 1am tir vét liéu nhom dinh hinh, nhém tim 1 mm, va nhua
nguyén khdi. Robot duoc di chuyén bing cac banh xe Mecanum, dan dong bang cac dong co dién mot
chiéu. Hé théng duoc phac thao nhu Hinh 1 (a). Sau khi thi cong phan co khi véi cac kich thudc da
dugc tinh toan, md hinh robot phuc vu thu vién thyc t& nhu Hinh 1 (b). M6 hinh toan hoc chuyén dong
ctia robot ¢6 thé dugc tham khao tai Phu Luc A.

i/ Phan diu

Phén than

Phéan dé

.

(a) Tong quan mé hinh Robot duoc phdc thdo trén Solidworks (b) Mb hinh Robot thyc té

Hinh 1. M6 hinh Robot phuc vy thir vién
2.2. Quy trinh hogt dong

Dé robot co6 thé hoat ddng mot cach chinh xac voi cac tinh nang tuong tac hép dan va hiru ich cho
nguoi s dung va ngudi van hanh thu vién, cac cong nghé tién tién nhat trén thé gi6i s& duge két hop
vao hé théng. Dé don gian trong viéc lap trinh, phan mém ciia robot dwgc xay dung trén nén tang hé
diéu hanh robot (ROS) [15] v6i cac cong cu sau dugce tich hop: cong cu 2D Navigation Stack [16], Lidar
Slamtec Mapper [17], [18], thuat toan Dijkstra, thuat toan tiép can cira s6 dong (Dynamic Window
Approach - DWA), thudt toan nhan dang khuoén mat voi phuong phap Multi-task Cascaded
Convolutional Networks (MTCNN) [19]-[23] va phuong phéap Facenet [20], [24], k¥ thuét truyén thong
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dir liéu Socket nang cao [25], [26] va diéu khién qua mang Internet [27]. Céac thuat toan Dijkstra va
DWA c¢6 thé duogc tham khao chi tie€t hon & Phu luc B.

Giao dién chinh

MNguéi dling chon céc
tinh ndng cda robot

Chuyén sang giao dién Trich xuat di¥ liéu m3 vach N . e
iz thé ngug ding »{ Training khuén mat méi  ——»

inh nang @ang ky khuén mat aang I khuan mat

h 4

Robot md khay dé nguréi
dung dwra sach véo

han dién dwoc ngudi siF dung thong

Luru diF liéu muwrgn sach vao »
qua khudén mat hodc mé thé

co s& dif idu

Tinh néng mwon séch

h 4

Théng bao nhan dién khong
! >
7 thanh cong

Robot m& khay dé nguréri

-~ Boc droc mé vach cla sdch
diing dwra séch véo -

Dura vao mé sach dé xoa
tir may quét ma vach

A | théng tin trong co s& diF liéu

Tinh néng tra séch

Ngudi ding nhap mé vach
cla sdch vao giao dién

Chuyén sang giao dién tra Dua vao mé sdch aé fruy
clru sdch "1 xuéat théng tin sdch

Y

Tinh nang tra clru sach <0i chuyén dén vi tri ké sach

Robot dén vi trf k& sdch >
Tinh nang diéu khién di Ngurai eling chon ché 66 Nguiri diing nhéin céic phim Robot nhan Iénh didu khién
chuyén qua internet diéu huréng thil cong diéu huréng trén web i va di chuyén
Nguriri diing chon vi tri ké | Robot nhan I&nh diéu khién N
sach mudn dén trén web "1 va di chuyén d@én ké sach o

Hinh 2. Quy trinh vdn hanh téng quan ciia Robot thu vién
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Duya trén cac yéu cau ky thuat, dic diém thyc té, va chat lugng san phdm, mot quy trinh hoat dong
hé thdng duoc dé ra nhu Hinh 2. Robot phuc vuc thu vién nay co giao dién twong tac danh cho nguoi sir
dung, nho vao d6 ngudi sir dung ¢ thé dé dang muon — tra sach, tra ciru thong tin sach (bao gom tra
ctru theo tén sach, tén tac gia, ma s sach) va nhan dién khudén mat hodc quét thé sinh vién nho vao khay
quét ma vach dé vao thu vién. Bén canh d6 1a mot chuc nang md rong khac véi giao dién diéu khién
robot va gidm sat tir xa. O tinh ning nay, robot s& duoc didu khién bang cac nit nhan va camera dugc
gin trén than robot. Hé thdng co thé luu video hanh trinh hoat dong ctia robot. Hé thdng ciing co thé di
chuyén théng minh ty dong va tranh vét can tinh hodc dong trén duong di.

Robot nhan dang dugc nhimg sinh vién da c6 thdng tin trong co so dit liéu ciia hé thdng. Cac co sé
dir liéu vé khudn mat, thong tin sinh vié€n, thong tin sach dugc luu & mot may tram. Khi cé dir li¢u méi,
dir liéu s€ duoc chuyén sang cho may tram xu 1y tor may chu, dé dam bao sy hoat dong muot ma cua
may chu. So véi cac robot thu vién hién tai & Viét Nam va trén thé gidi, hé théng duoc dé xuét co nhiéu
dic diém vuot troi hon. Viée téng hop cac tinh nang trén vao thanh mot hé théng 1a thir thach 1on.

3. Két qua danh gia

Céc két qua thi nghiém dé danh gia chat lugng hoat dong ciia cac tinh ning trén hé thong s& duoc
trinh bay trong phan nay. Mot s6 tinh ning lién quan t6i viée di chuyén cua h¢ théng da duoc kiém
ching trén moi trudng moé phong trude khi thir nghiém thye té. Tinh ning giao t1ep bang giong noi giita
ngudi st dung va robot duoc tich hop chi yéu trong giao dién chinh cua hé thong. O céc giao dién khac,
robot s& phat ra cac am thanh hudng dan phi hop dé hd tro thao tic cho ngudi dung. Chirc nang giong
no6i duoc thyc thi thong qua cac ham giao dién 1ap trinh img dung (API) cua cong ty phan mém Google
[28]. Do gidi han vé khong gian trinh bay ctia bai bao, mot so dit liéu thi nghiém va thao luan mo rong
¢6 thé duge tham khao tai cac Phuc Luc C - G.

3.1. Kiém chieng trén méi truong mé phéng

a) Chdt heong ciia by diéu khién cap thdp

Xq €, Ve s ~ . N X
Vi, 8 , - k Knsi 1 wohinh ]
mong - Bodien | J, | chuyen “ robot
mien | g, " g knienPID| | d 01:5’ *.;an $ j thir vién §

.—_.\ \ / —

Hinh 3. So @6 khdi ciia bé diéu khién PID cho Robot

Bang 1. Chat lwong diéu khién ciia hé thong theo cac vi tri va hurdng mong muon

i . ) Thi nghiém 1 Thi nghi¢m 2 Thi nghiém 3
Chat lwgng diéu khién
X y 2] X y 2] X y 2]
Sai s6 xac lap 0.01 | 0.0086 [ 0.0093 [ 0.009 0.2 0.0085 | 0.2 0.1 | 0.0091
Thoi gian xac 1ap (giay) 1 0.2 0.4 15 0.8 11 0.1 | 0.05 1

Dé didu khién chuyén dong cua hé théng theo cic muc tiéu mong mudn, cac bd diéu khién cap thap
va cip cao phai dugc st dung. O ting diéu khién dudi, mot bo didu khién Vi-tich-phan-ti-1é (PID), nhu
dugc phac hoa ¢ Hinh 3, da duoc ap dung vao hé thong. Trong dd, u = [Xa Ya A" 1a vecto vi tri va
huorng mong mudn ciia robot, vecto Ug = [Vx Vy W]T bao gdm vén tdc theo phuong x, phuong y va van
tdc xoay ctia robot theo hé truc toa do than xe, q =[xy A" 1a vecto vi tri va hudng theo hé truc toa do
hién tai ciia Robot, w; (i =1,2,3,4) la van tc goc caa banh xe.
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Céc két qua md phong chi tiét co thé duoc tham khéo tai Phu Luc C. Bdng I tong hop cac thong sb
chinh bao gom sai sb xac 1ap va thoi gian x4c lap, cta cac thi nghiém dé danh gia chat lugng hoat dong
ctia hé théng dudi sy tac dong ciia bo dicu khién PID. Trong ca ba thi nghiém, sai s6 xac 1ap va thoi
gian xac l4p t6i da cta hé thdng cho ca vi tri va hudng lan lugt 12 0.2 m va 1.5 gidy. Cac két qua nay
cho thiy hé thong dap tng vi tri va hudng t6t khi lya chon cac thong sé didu khién phu hop. Vi vay,
viéc su dung bd diéu khién PID cép thép cho Robot hoat dong trong mdi trudng thu vién 1a hoan toan
kha thi va chua can sir dung thém bo diéu khién khac.

b) Chdt lwong cua bé diéu khién cap cao trén ROS
Dé robot c6 thong tin vé moi truong xung quanh, robot can phai duge di chuyén theo phuong phap
thi cong dé quét toan bo ban d6. Qua trinh va ket qua quét ban d6 trén moi trudng ao cé thé thay nhu

Hinh 4 (a). Sau khi da quét va ldy dugc thong tin, ban do dugc luu nhu Hinh 4 (b) va lic nay ¢4 thé tién
hanh diéu hudng cho robot.

_i
A

a) Ban do sau khi quét xong b) Ban dd da

Hinh 4. Két qua quét ban do cua robot trén ROS

s o o - o [1687852211.999548659, 997.756000000]: Got new plan
[1687852212.424873603, 997.956000000]: Got new plan
[1687852212.761360451, 958.157000000]: Got new plan
[1687852213.082430879, 998.356000000]: Got new plan
[1687852213.359834282, 958.556000000]: Got new plan
[1687852213.762566643, 998.756000000]: Got new plan

[1687852214.065969850, 998.957000000]: Got new plan
[1687852214.413350605, 999.1560800000]: Got new plan
[1687852214.734040436, . Got new plan
[1687852215.658410023, o Got new plan
[1687852215.466914287, . : Got new plan
[1687852215.466983484, 999.756000000]: Goal reached

a) Piéu hwréng robot dung 2D Nav Goal b) Théng bdo da t6i noi

Hinh 5. Két qua diéu khién robot trén ROS

Cong cu “2D Nav Goal” (cong cu tu dong didu hudng dé dat dén cac muc tiéu cy thé trén ban do)
dugc st dung dé chon muc tiéu dén cia robot nhu dugc thiy trong Hinh 5 (a). Hé thdng s& tinh toan va
dua ra mot ké hoach méi (Got new plan) tir vi tri hién tai dén muc tiéu da dugc dat. Sau khi robot t6i
noi, trén Terminal s& thong bao di dén (Goal reached) nhu Hinh 5 (b). Diéu nay cho thiy hé thong da
c6 thé dap tng duoc vin d& didu khién vi tri cip cao trong méi truong bit dinh st dung cam bién
SLAMTEC va céc thuat toan hoach dinh quy dao da Iua chon.

3.2. Kiém nghiém thuc té

Tt ca cac tinh nang cua robot da dugc kiém nghiém thuc té tai thu vién truong Pai hoc Su pham Ky
thuat TP. Ho Chi Minh. Trong muc nay, cac so liéu thu thap dugc s€ dugc thao ludn d€ danh gia hiéu
qua lam vi¢c cta hé thong.

a) Kiém chimg thue nghiém di chuyén tw dong

Céc thi nghiém diéu khién di chuyén thuc té ctia robot duoc trinh bay trong cac thao luin dudi déy.
Trong Thi nghiém 1, robot duoc diéu hudng bang cong cu “2D Nav Goal” trén Rviz. V&i Thi nghiém 2,
robot dugc diéu khién str dung nit nhan trén giao dién ngudi dung. Trong khi d6, & Thi nghiém 3, robot
duoc diéu khién thong qua ntt nhén trén giao dién web. Cac thong s6 toa do ban du, toa do dich mong
mudn, va sai s6 diéu khién duge trinh bay trong Bang 2. Hinh anh va cac dir liéu liéu di chuyén thuc té
ctia robot dugc thé hién trong cac Hinh 6 va 7. Cac hinh anh ban d6 hién thi toa d6 robot, giao dién hién
thi vi tri ké sach va co s¢ dit liéu toa do sach c6 thé duge tham khao trong phu luc D.
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Theo hinh anh thyc té (Hinh 7), robot da dugc diéu khién tir vi tri ban dau dén vi tri mong muén va
tranh duoc vat can phia truéc. Cac so lidu thu duoc trong céc thi nghiém (Bang 2 va Hinh 6) cho thay
sai s6 diéu khién tbi da theo cac phuong X, y va goc xoay & lan luot 13 0.057 m, 0.074 m va 8 d4. Cac di
liéu nay 4m chi rang chat lugng diéu khién thyc té cia hé thdng & mac chap nhan duoc ddi voi mot tng
dung robot thu vién [2], [5].

Bang 2. Chat lwong diéu khién vi tri va hwéng ciia xe trong cdc thi nghiém thuc té

Céc thi Toa dd ban ddu |Toa d dich mong mudn| Toa dd dich thuc té sai 6
nghigm X y | o X y 6 X y 6 X y
Thi nghiém 1 {1.807| -0.013 |178| 3.352 | 0.864 | 178 {3.2999 | 0.835 | 177 | 0.052 | 0.029
Thi nghiém 2 {1.816| -0.056 | 6 | -0.001 | -0.01 2 |0.0418| -0.084 | -6 |-0.043| 0.074
Thi nghiém 3|1.263| -0.625 | -86 | 2.321 0.45 89 | 2.264 | 0.403 81 | 0.057 | 0.047

Q[0 ||

position: position:
Xx: 1.80710756778717 X: 3.299722941552518
y: -0.01307156349020958 y: 0.8353565862971124
z: 0.0 z: 0.0

orientation: orientation:

position: position: position: position:
X: 1.81610202789 X: 0.0418063364923 X: 1.26324212551 X: 2.26447749138
y: -0.0561062060297 y: -0.0841847658157 y: -0.6257699131 y: 0.402786552906
z: 0.0 z: 0.0 z: 6.0 z: 0.0
orientation: orientation: orientation: orientation:

x: 0.0 Xx: 0.0

y: 0.0 y: 0.0

z: 0.9998363876598964 Z: 0.9997253833630534
w: 0.618088612749720966 w: 0.023434117427287904

x: 0.0 X: 0.0 X: 0.0 X: 0.0
y: 6.0 y: 0.0 y: 6.0 y: 0.6
z: 0.0546743471427 Z: -0.0536941399847 Z: -0.6841693955 Z: 0.644358395239
w: 0.998504239232 wW: 0.99855742916 W: 0.72932313705] w: 0.764723648441

a) Dir liéu trong Thi nghiém 1 b) Dir liéu trong Thi nghiém 2 ¢) Dir liéu trong Thi nghiém 3

Hinh 6. Toa dg xe tai diém bdt dau va toa do xe thuc té tai diém dich trong Cac thi nghiém thiee té

Hinh 7. Vi tri trude va sau khi diéu khién robot thiee té trong Thi nghiém 1

Bang 3. Két qud nhan dang khuon mat sie dung MTCNN va FaceNet

ID | Sé énh huin luyén Sb énhd?l:gn dién | S6 anh :;@n dign | Thoi giz;;yi;@n dign Hicu suit (%)
1 50 47 5 1.75 94
2 50 48 2 1.65 96
3 45 42 3 14 93.33
4 48 46 2 1.45 95.83
5 50 47 3 1.85 94
6 40 37 3 0.9 92.5
7 47 43 3 14 91.49
8 42 39 3 11 92.86
9 50 49 1 1.8 98
10 44 42 2 1.3 95.48
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b) Kiém chirng gidi thudt nhdn dién khuén mdt

Két qua chuan hoa hinh anh dé huan luyén va thuc hién nhan dang khu6n mit duoc trinh bay chi tiét
& Phu luc E va dugc tong hop & Bdng 3. Tap dit lidu dé kiém tra bao gdm 20 nguoi véi 400 birc anh. Hé
thdng str dung 300 anh dé huan luyén va 100 anh dé kiém thir (tat ca cac anh sau khi chup s& duoc diéu
chinh vé kich thudc 400x400, chuan hoa d6 sang, chuan héa do nét anh) va ap dung huan luyén. Két
qud & Bang 3 cho théy hé théng nhan dién véi d6 chinh xac hon 90% va thoi gian nhén dién trung binh
khoang 1 gidy va tdi da khoang 2 gidy. Qua két qua thuc nghiém thu dugc cho thiy su két hop mot cach
hop 1y cac phuong phap MTCNN va Facenet dé xac minh thong tin ciia nguoi ding vao phong doc thu
vién l1a hoan toan kha thi va hiéu qua.
¢) Kiém chitng truyén théng mdy tinh

Céc két qua cai dit va kiém chimg kha ning truyén thong dir liéu giita cac may tinh dugc trinh bay
trong Phu luc F.

Bang 4. Thong ké truyén — nhdn théng qua phiong thirc socket

Kich thwéc by dém Thoi gian truyén Thoi gian nhian
64 0.01561s 0.03145s
512 0.01562s 0.03124s
1024 0.01562s 0.03138s
4096 0.01555s 0.03123s
8192 0.01607s 0.04731s

Bdng 4 théng ké thoi gian truyén-nhan tuong tng véi cac kich thude bo dém (buffer_size) khac nhau.
Sau qua trinh thuc nghiém, c6 thé théy khi tang kich thudc b dém dé truyén dir liéu thi thoi gian truyén
— nhan ciing khong thay d6i dang ké. Tuy nhién, do dit liéu truyén nhan thyc té 1a ma sO ngudi dung c6
kich thudc bo dém tuong dbi nhé, tng véi kich thudc bo dém nho hon 20 nén téng thoi _gian truyén va
nhan s& khoang 0.04 gidy cho ca qua trinh. Qua két qua thyuc nghiém & Bdng 4, viéc truyén nhan dit liéu
thong qua phuong thirc socket véi dit lidu 1a ma s nguoi ding c6 kich thude bo dém 1a 13 cho két qua
tdt va ap dung duogc vao thyuc té.

d) Kiém chimg diéu khién tir xa thong qua mang Internet

Céc két qua truyén nhan dit liéu trong qua trinh diéu khién robot thong qua mang Internet dugc trinh
bay trong Bdang 5. Cac cai dat va do luong kha nang diéu khién tir xa qua mang Internet c¢6 thé duoc
tham khao thém trong Phu luc G.

Bang 5. Thong ké thoi gian truyén — nhdn dir liéu diéu khién qua Internet.

Khi nhén nit Khi nha niit
Thaoi gian giri request Thoi gian Scehr(‘\r/g)rhéin hoi tir Thaoi gian giri request Thoi gi;‘? scel:.(‘:',ghéin hoi
0.13ms 458.60ms 0.19ms 322.24ms
0.16ms 567.66ms 0.14ms 534.48ms
0.11ms 481.63ms 0.20ms 550.99ms
0.12ms 648.00ms 0.14ms 806.13ms
0.10ms 506.87ms 0.14ms 747.25

Cac dir liéu do luong cho tl}ﬁy thoi gian guri request cho MQTT platform vao khoang 0.15 ms cho
mdi 1an glri. Thoi gian phan hoi trung binh khoang 500 ms, thoi gian dap tmg 1au hon phy thudc vao
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nhiéu yéu t6 nhu: D6 tré mang ( Latency), dit liéu truyén 16n, ... Qua két qua thuc nghiém thu dugc &
Bang 5, viée truyén nhan dir lidu thong qua Internet voi dir lidu la tin hiéu diéu khién cho két qua phan
hdi tbt va ap dung dugc vao thuc té.

e) Panh gid tinh nang mwon — tra sdach cia robot

Robot nay c6 tich hop ca tinh ning muon sach va tra sach ty dong, nhu duge thiy trong Hinh 8. Khi
nguoi ding mudn st dung tinh ning muon sach, hé théng can xéac thuc théng tin khu6én mét hodc thong
tin ma vach trong thé cua nguoi dung. Hé théng s€ hudng dan vi tri cua sach can muon cho ngudi sir
dung. Mot khi d3 tim dugc quyén sach mong mudn, nguoi ding can xac nhan thong tin sach véi robot
thong qua mét co ché quét ma vach sach dugc tich hop san. Sau khi kiém tra thong tin sach va nhan nit
“Xac nhan muon” trén giao dién muon sach & Hinh 9, hé théng s& cap nhat dit liéu nguoi dung va thong
tin saich muon tuong ung ngay lap tuc vao co so dir li€u cua nha truong.

Hinh 8. Hoat déng muwon — tra sdch tai thu vién cua hé théng

Khi sir dung tinh nang tra sach, ngudi sir dung chi can dé sach vao khay bén trong hé thong. May
quét mi vach s& truy xuat thong tin cta sach va tién hanh quy trinh tra sach vao thiing chira bén trong
robot. Robot c6 kha nang luu trir 20 cudn sach tir ngudi tra sach va c6 thé cap nhat cac dit liéu lién quan
lén co so dit liéu chung cua thu vién. Hé théng muon — trd sach dugc tich hop bén trong robot c6 thé
duoc sir dung lién tuc va dir li¢u dugc d@)ng bd voi co so dit liéu cuc bd cua Thu vién. Luu v 1a nguoi
ding hoan toan c6 thé tra ciru tit ca cac thong tin vé viéc muon/tra sich ctia minh trén robot bao gom
ngudi muon, ngdy muon va ngay tra, nhu dugc théy & Hinh 10.

Thong tin sinh vién Théng tin sach

8 s GT0093373
2 Hovaten Nguyén Xuin Vinh il vensicn | Vatiiéu xay dung
™ vscon [ Phiing Van Luf (chi bién)
= Nganh hoc  Tong Nghé Ky Thuat Bieu Khién Va Ty Bong Hod
¥ e Tp. HO Chi Minh; Dai hoc Quac gia Tp. Ho Chi Minh, 2013
¥ mssv 20151431 ] @& Xacnhanmuon  [£ Kiémtrathéng tin 'O Xda thdng tin

Hinh 9. Giao dién hién thi théng tin ngueoi ding va sach miron
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Nhat ky cho muon

[Tim thay: 4 lwgt.
[Trang: 1

Tén tr liéu Newdi muwon | Ngay muon | Ngay tra

Vit liéu xay dung : Viét theo chwong trinh di dwoe hai dong mén hoc nginh | Nguyén Xuan Vinh |03/11/2023  |[04/03/2024
xity dyng thing qua / Phiing Vin Ly (chi bién), Pham Duy Hiru, Phan (20151431) 0:0 0:0
Khic Tri (BKCB : gt0093373)

Bii tiip Toin hoc cao c'l[J Dai s6 vi hinh hoc gidi tich - Tip 1: \[ou hoc: Nguyén Xuan Vinh | 03/11/2023 | 04/03/2024
1001011 - Toan cao E:l]‘J A1/ Nguyén Dinh Tri, Ta Vin Binh, I\gu} in Hb (20151431 0:0 0:0
Quinh (DKCB : gt0258125)

Thurc hiinh lip trinh Microsoft Visual Foxpro 9.0 / Vii Nhiit Minh (PKCB : | Nguyén Xuvan Vinh |03/11/2023  [01/12/2023
skv069413) (20151431) 00 0.0

Hinh 10. Théng tin sach muwon dwoc lwu trong co so div lidu
4. Két luan

Bai béo nay di dé xudt mot mé hinh robot tw dong phuc vu trong thu vién. Robot di dugc ché tao
theo muc dich thyuc té dé dap ung nhiéu chirc ning cy thé bang viéc két hop mot cach hop 1y cac cong
nghé tién tién. Mot chuong trinh diéu khién cho toan bd cac chirc nang va diéu khién robot hoat dong
thong qua cac giao dién da dugc thiét ké. Robot co thé nhan dang thong tin nguoi dung théng qua tinh
ning nhan dang khuén mat thong minh. Co ciu quét ma dinh danh da duoc sir dung dé xac dinh chinh
xéc cac thong tin lién quan dén dau sach va thong tin hién tai cia nguoi ding. Robot ciing dugc trang
bi tinh ning muon sach va tra sach ty dong. Trong mot vai trudng hop, robot ciing ¢ thé hudng din
nguoi st dung cac thao tac thong qua mot chirc ning hd trg giong noi. Chtre nang ndy dugc thyc thi
thong qua cac ham giao dién 1ap trinh ing dung (API) cta cong ty phan mém Google. Ngoai ra, robot
c6 thé tu diéu hudng dén cac ké sach va thuc hién tuan tra thu vién nhu mot ngudi quan ly. Cac thong
tin quan trong hoan toan c6 thé quan sat dugc tir xa théng qua mang Internet. Cac tinh ning da dugc thir
nghiém thanh cong trong diéu kién thyc té tai Thu vién Truong Pai hoc Su pham Ky thuat TP. HO Chi
Minh. Nhitng robot nhu vdy voi s6 lugng vira da c6 thé giam bét cong viée ctia nguoi van hanh thu
vién.

Tuy nhién, van con mot s6 han ché con ton tai trong qua trinh thyc hi€n nhu viéc xt 1y anh nhéan
dang khudn mat chua dat dugc do chinh xac cao tuyét ddi. Két qua nhan dang phu thudc vao nhiéu yéu
td nhu sy da dang va chét lugng hinh anh cda dit li€u, cac thong s6 khi huin luyén va nhan dang, goc
quan sat cua camera ddi v6i khuon mat va su bién doi khudn mat cua nguoi su dung.

Tu nhing han ché bén trén, viéc sir dung camera nhan khudén mit ngudi dung ba chiéu c6 thé 1a mot
giai phap tiém nang trong twong lai. Ngoai ra, viéc xay dung h¢ thdng bao mat thong tin cho robot bao
gom thong tin guong mat va cac dir liéu cua robot, cai tién phan cimg dé robot chic chan va thim my
ciing 14 nhitng diém can phat trién trong tuong lai.
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