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THETA VA CONG NGHE PA HINH ANH
VOI AM THANH KHONG GIAN 360°
THETA AND MULTI-IMAGING TECHNOLOGY
WITH 360° SPATIAL AUDIO

Trinh Quang Minh3, Ngé Thi Lan*

Tém tit: THETA - Méy anh chup moi thir & 360 d6, kha ning quay video 360° 4K, live
stream 4K 360° véi kha nang ghi am hiéu vng dm thanh vom séng dong. Ong kinh géc cuc
nhé, siéu rong dwoc thiét ké va diéu chinh ddc biét cho hinh anh hinh cau. Lam tang d¢ phan
gidi ciia toan bé anh dén mikc dong nhat la can thiét dé ghép hai anh véi chénh 1éch thi sai
t6i thiéu va mang lai vé ngodi hoan toan tw nhién. Pé dat dwoc diéu nay, mét phirong phdap
chiéu géc RICOH da dwoc dp dung. Lop phii ong kinh khéong chi bao gom phé danh sang nhin
thdy dweoc, ma con la phé hong ngoai, khéng cé trén cac ong kinh mdy anh trung binh. Boi vi
cdc ddc tinh buéc song va phu thuéc goc khac nhau givra trung tam va ngoai bién, nén thuong
khé ¢ thé diéu chinh ong kinh mdt cd. Viéc tao ra mau dong nhdt trén khdp trung tdm va cdc
canh, lam cho ¢6 thé c¢é dwoc chat liwong hinh dnh dep, tw nhién. Am thanh khong gian 360°
véi video va am thanh dwoc lién két tir thiét bi bang cdc gidi thudt chuyén nghiép tir nha san
xudt dang cho chiing ta hoc hoi thém.

Tir khoa: may chup hinh 360 do, video 360° 4K, cong nghé da hinh anh, Am thanh khong
gian 360°

Abstract: THETA — The camera that shoots everything in 360 degrees, Video
performance has been significantly improved, making 4K (3840x1920, 56Mbps), 30 fps high-
resolution 360°shooting possible. Enjoy recording realistic spherical images. Record 360°
spatial audio with a 4-channel microphone. The ultra compact, ultra wide-angle lenses are
designed and tuned specifically for spherical images. Raising the resolution of the entire image
to a uniform level is essential to stitch two images with minimal parallax difference and deliver
a completely natural appearance. To achieve this, a RICOH-original projection method was
adopted. The lens coating not only covers the visible light spectrum, but also the infrared
spectrum, which is not available on average camera lenses. Because the wavelength
characteristics and angle dependency differ between the center and periphery, it can often be
difficult to tune fish eye lenses. However, despite this difficulty, we have succeeded in creating
uniform coloring across the center and edges, making it possible to obtain beautiful, natural
image quality.360° spatial audio with linked video and audio

Keywords: camera 360 degrees, video 360° 4K, Multi-imaging Technology, 360° spatial audio
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1. Giéi thiéu

Tir viée st dung Google Street View dé xem toan canh mot con dudng trén cac thiét bi di
dong hay may vi tinh dén viéc dung Camera 360° chuyén dung d& dung hon, chit luong anh tét
hon va nhiéu tinh nang hon, su co dong hd tro 1ap trinh hinh anh 360 d6 gidi thidu mot ban do
tham quan s6 mot dia danh, mot noi du lich can quang ba cho du khach va ban be va hinh anh c6
thé post quang ba trén facebook, youtube xem 360 d9. May chup anh 360° Theta v&i 2 camera,
mot trude va mot sau gitp ban ghi lai tat ca cac hinh anh mot cach dé dang. Va diéu dac biét la
hai camera nay c6 ciing d6 phéan giai nén ban s& khong lo dén timg hudng chup. Khi két hop ca
hai lai ban s€ c6 mot birc anh véi hiéu ung xoay tron cuc ky 4n tugng. Tuy nhién, ban phai dung
phan mém cua Ricoh mai xem duoc con néu khong né sé chuyén thanh dang phang. Hién nay c6
phan mém GoProVR Player va phan mém VLC 360 da xem duoc trén may vi tinh ctia minh. Thi
du may Theta V 1a chiéc camera 360° ¢6 kha ning quay video 360° 4K, live stream 4K 360° v6i
kha nang ghi 4m hiéu tng am thanh vom séng dong, ngoai ra, vé camera chup anh 360° ctia Theta
V ciling dugc nang cép véi nhiéu thuat toan va stre manh cao hon, giup may chup nhanh hon, dai
ISO 16n hon va anh ra trong tréo, sic nét hon so v&i doi trudc.

Anh 1 (trai): Trai nghiém bo phu kién cho Ricoh Theta
V: v6 bdo vé, case chong nwdc va micro ghi am 3D gdn roi

Anh 2 (phdi): Diing thiét bi Theta dé héi nghi triec tuyén.

2. Co s6' 1y thuyét va phwong phap nghién ciru

2.1. Phwong phdp thu thip so ligu thir cap:

S liéu thtr cap dugc thu thap tir cac ngudn: Cac trang web khac trong va ngoai nudc cé
lién quan d@ tai nghién ctru trén Internet vé camera 360 do. Khao sat ban quyén sé liéu khao sat
chung trong pham vi mong mudn va dién giai phan ma dé tai dang nghién ctru vé cong nghé
hinh anh 360 do.

2.2. Cdc phwong phdp nghién civu thuwe nghi¢m (thuc tién):

2.2.1 Phuwong phap quan sat khoa hoc

Quan sat khoa hoc 1a phuong phép tri giac d6i twong mot cach ¢ hé thong dé thu thap
thong tin doi tugng anh 360 d9. Co 2 loai quan sat khoa hoc 1a quan sat truc tiép st dung thiét
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bi va quan sat gian tiép tir san pham hinh anh c6 duoc, nhung dinh cao 1a két hop, phdi két hop
chung xem live trén thiét bi két ndi tir may chup dén thiét bi di dong hay trén may vi tinh thong
qua phan mém chuyén dung,

2.2.2 Phwong phdp diéu tra,

Diéu tra 1a phuong phap khao sat mot nhom déi twong trén dién rong da dung may anh
chup 360 d6 dé phat hién cac quy luat phan bd va cac dic diém cta ddi twong, phu thudc trinh
d6 va kinh nghiém ting phan ctia nghién ctru vién.

2.2.3 Phuong phap thuc nghiém khoa hoc,

La phuong phép cic nha khoa hoc chu dong tac dong vao ddi twong va qua trinh dién
bién sy kién ma doi tuong tham gia dé hudng sy phat trién cta chung theo muc tiéu du kién
ctia minh vé cong nghé 360 do va cong nghé hinh anh 3D thuc té 4o.

2.2.4 Phuwong phdp phan tich tong két kinh nghiém,

La phuong phap nghién ctru va xem xét lai nhitng thanh qué thyc tién trong qua khir vé
cong nghé 3D dé rut ra két luan bo ich cho thuc tién va khoa hoc.

2.2.5 Phuwong phap chuyén gia,

La phuong phap st dung tri tué cua doi ngii chuyén gia dé xem xét nhan dinh ban chét
ctia dbi twong, tim ra mot giai phap t6i wu, moi chuyén gia qudc té hd trg phat trién cong nghé
tich hop ddng bd véi cac thiét bi Internet of Things (két ndi van vat).

2.3. Cdc phwong phdp nghién civu Iy thuyét:

La cac phuong phap thu thap thong tin khoa hoc trén co s& nghién clru cidc van ban, tai
lidu dd c6 va bang cac thao tac tu duy logic dé rit ra két luan khoa hoc can thiét vé cong nghé
anh 360 do.

2.3.1 Phwong phdp phan tich va tong hop Iy thuyét,

Phén tich 1a nghién ctru céc tai liéu vé anh 360 do, 1y luan khac nhau bang cach phan
tich ching thanh timg bd phan dé tim hiéu sau sac vé dbi tuong. Tong hop 1a lién két timg
mit, tirng bo phan thong tin di dwgc phan tich tao ra mot hé thdéng 1y thuyét méi day du va
sdu sic vé doi tuong.

2.3.2 Phuong phap mo hinh hoa,

La phuong phép nghién ctru cac d6i twong bang xay dung gan gidng véi dbi twong, tai
hién lai cong nghé anh 360 do.

3. Két qua va danh gia

Dau tién, dit liéu hinh anh tir hai cam bién hinh anh dugc sir dung dé tién hanh xu 1y hinh
anh co ban. Tiép theo, ngoai viéc xir Iy hinh anh co ban dugc thyc hién trén may anh k¥ thuat
s6 n6i chung, hinh anh duge xtr 1y dé c6 duoc do sang thich hop va td6 mau tir hai cam bién hinh
anh. Cu thé, bién thé d6 nhay riéng biét giita hai cam bién hinh anh dugc diéu chinh va bu trir
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phoi sang duoc ap dung cho mdi cam bién hinh dnh duya trén quyét dinh toan dién thu duoc tir
do sang dugc phat hién trong dit li¢u cia cd hai hinh anh. X1 1y hinh 4nh co ban dugc thuc hién
bang cach sir dung dit liéu hinh anh thu dugc tir hai bo cam bién hinh anh. O day, xir 1y dugc
thuc hién dé c6 duoc hinh anh cha yéu béng dd sang va bong ram tur hai cam bién hinh anh,
ngoai viéc xr 1y hinh anh vé co ban duoc thyc hién véi may anh k¥ thuat s6 thong thuong. Cu
thé, sy khac biét ctia cam bién hinh anh riéng biét vé d6 nhay dugc diéu chinh va do phoi sang
dugc diéu khién cho ting cam bién hinh anh, bang cach danh gia toan dién do sang dugc phat
hién tr hai dir li¢u hinh anh.

x;—xﬁ X5 —X, Xg — x§ X.;f—Xp
vs —Yi| =R Yo =Y |, Iy —y§|=R*|¥5 =Y, | (1-1)
[ Zi-2z,0 | —f® EE_g
(xk, v5, 1) & (x§, ¥&, f*) = parameters of camera (could get from
manufacturer)

(X5, Y5, ZE) & (XE, YR, Z8) = camera position (while shooting)
R" & R® = shooting attitude
(x;,y;f:) & {xg. yif) = values of Point P in the “photos”

Anh 3: Mot co sé mé hinh 3D trén anh chup béi UAV véi Photogrammetry

I
oo ot ;

Anh 4 (trdi): Anh 360 d6 xem dnh bang phan mém thuong.
Anh 5 (phdi): Anh 360 dé xem anh bang phan mém RICOH THETA.

Tiép theo, hinh anh khéu dugc thuc hién cho hai hinh anh. P4i véi mdi hinh anh, két
hop mau tinh toan lwgng bu gitra hinh anh tham chiéu va hinh anh so sanh trong ting khu vuc
dé phat hién vi tri khau. Sau d6, tham khao vi tri khau dugc phét hién va cac dic tinh ctia mdi
hé théng dng kinh quang hoc, hai hinh anh dugc chuyén d6i thanh dinh dang hinh anh hinh
cAu. Tron hai hinh anh trong dinh dang hinh cu hinh thanh mdt hinh anh hinh cau cudi cung.
Theo cach nay, két hop miu phat hién vi tri ghép va ap dung nd cho cac tham sb chuyén doi
hinh anh theo dinh dang hinh cau, dan dén qua trinh ghép dong cho phép ghép hai anh theo
thot gian thuec.
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L yL 7L
(X0, Y, Za) . Uncorrected point on unit sphere
(X3, Y, 2§

N . Scene point

) —

= Corrected pomnt on vt sphere

(Xp, ¥, Z)

I . Sphere cehter
Schematic Diagram about Photogrammetry

Anh 6 (trdi): ghép toa @6 anh va Anh 7 (phdi): So do vé Photogrammetry.

Anh 8 (trdi): Anh 360 d6 xem dnh bang phan mém thuong.
Anh 9 (phdi): Anh 360 dé xem anh bang phan mém RICOH THETA - ding kinh 3D dé xem.

Phép chiéu Mercator duoc st dung trong céc hinh anh hinh cau dé géan toa do cho tung vi
tri diém 4nh trén bé mt hinh cau. Néi cach khéc, khi so sanh vé6i Trai Dét véi vi do va kinh do
12 hai tryc, bé mat Trai dat s& 1a hai chiéu. Nguoi dung co6 thé sir dung ing dung chuyén dung
dé thay d6i quan diém bang cach kéo ngén tay 1én, xudng, trai va phai trén hinh anh, ciing nhu
phéng to va thu nho hinh anh ¢é xem toan bd hinh anh hinh cau. Trén Gng dung, hinh anh hinh
cau duoc anh xa dudi dang két cau cho d6i twong hinh cau va bang cach chi dinh huéng va goc
nhin, hinh anh hinh cau c6 thé duoc hién thi dudi dang hinh cau.

Thue té 40 (VR) thuong dé cip dén may tinh cong nghé str dung phan mém dé tao ra
thuc té hinh anh, &m thanh va cdc cam giac khéc sao chép thuc moi truong (hodc tao mot thiét
1ap 40) va md phong hién dién vat 1y ctia ngudi dung trong méi trudng nay, bang cach cho phép
ngudi dung twong tac v6i khong gian nay va bat ky doi twong duoc mé ta trong d6 sir dung man
hinh hién thi chuyén dung hodc may chiéu va céc thiét bi khac.

Qué trinh chyp anh va xir 1y 4nh bang thuét toan chuyén biét Identity Matrix (Ma tran don
vi) dé ra file btrc anh * jpg, d6 1a: toa d6 3D v& chiing 1én ctra s6 & toa d6 2D (x,y) mé dau cho
cong nghé 3D:
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Xy Xy L
Yo Modelview y Projection Parspeclive xijw;
2 |7 mawix [T [T mamix ||, |7 division [T M
0 ¢ t 7 v'{'"r
Wy w W, % W,
Original Tramsformed Clip Normalized
vertex doto eye toordinotes coordinotes device coordinates
| I=I=
Viewport -
- = | transformation | — ".F '}

Window coordinates

Anh 10: Thudt todn chuyén biét Identity Matrix (Ma tran don vi)
- Ban dau tir toa do 3D sé& duoc chuyén thanh toa d6 4D (X, y, z, W)
- Sau d6 n6 nhan cho ma tran bién d6i (Quay, tinh tién...). (Modelview Matrix)
- Tiép tuc t&i ma tran chiéu (Projection Matrix)
- Sau d6 1a cat xén nhimng da giac c6 thé khong thay dugc (Division)
- Chuyén toa do 4D thanh toa d¢ 3D
- Chuyén tiép 3D thanh 2D (loai b6 z)
- Bién ddi trén 2D (viewport transformation, quy dinh goc toa dg, co gidn 2D...)

- V€ ra cura sO.

X (pixels)

y
(pixels ¥ |-

(a)
. TN — —— H//}!
N . @(radians jc. -
5 2= T ! i A(r'ad%

(b) (c)

(a) Full spherical image, (b) central image (i.e. front

lens), (c) side image (i.e. back lens). e T

Anh 11: Tinh toa do dnh tir tac gia S. Aghayari, M. Saadatseresht, M. Omidalizarandi,l. Neumann
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¢

Front fish eye image Rear fish eye image

Seam position detection
Basic image processing Basic image processing

Distortion correction

Stitching image processing

Spherical image(Mercator Projection)

Blending process
Can be attached to a spherical surface

Anh 12: Quy trinh tao hinh anh hinh cau khéng cé dwong vién cé thé nhin thay

[ 360-degree image } [High resolution images}

\/

[ Matching ]

B

Meta data

Multi-imaging
Viewer

Anh 13: Luu do thudt toan (Algorithm flowchart).
Tham khao tir Makoto Odamaki, Ricoh company, Ltd.
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21 [steradian] 0.78 [steradian]

Anh 14: So sanh cdc géc (Comparing Solid Angles)
Tham khao tir Makoto Odamaki, Ricoh company, Ltd.

130.6mm

Anh 15: Céng nghé quang hoc (Optical technology that makes a slim body possible)
Tham khao tir Makoto Odamaki, Ricoh company, Ltd.

Hinh anh hinh cau duoc tao ra tir thiét bi chup béng cach chup theo bdn hudng (trai, phai,
lén va xuéng) cung mdt lac dinh tam trén thiét bi, voi hai 6ng kinh goc siéu rong (6ng kinh mét
cd) duogc dat trén cd hai mat cua than chinh RICOH THETA. Nhu anh 15 trén cho théy, hé
thong quang hoc udn dugc ddi xtimg vi tri, va trong hé théng quang hoc udn tuong mg, anh
sang toi tr 6ng kinh gdc siéu rong dugc phan xa boi guwong lang kinh, goc 90 @6 va nhan dugc
cam bién hinh anh (Cam bién CMOS). Hai hinh anh thu dwgc véi hai cam bién hinh anh do dé
duoc téng hop dé tao ra mot hinh anh hinh cau hoan chinh. Trong RICOH THETA, chung t61
dat lang kinh bén trong hé thong quang hoc twong mg; bang cach lién két ca hai ling kinh véi
nhau, chiing t6i giam dang ké anh huong thi sai gitra hai diém quan sat (thau kinh trén cé hai
mit), cho phép tao ra mot thiét bi rat nho gon. Pay 14 hé théng quang hoc vi éng kinh ddi dugc
phat trién doc dao. PO phan giai cia 6ng kinh ciing doi héi sy cha y. Vi dng kinh thong thuong
cho may anh ky thuat s, d6 phan giai trung tdm 1a quan trong nhat. Tuy nhién, véi RICOH
THETA, bdi vi mot hinh anh hinh cau duoc tao ra bﬁng cach ghép hai hinh anh, khong c6 su
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phan biét giita trung tdm hodc chi trén hinh anh ma nguoi dung nhin thy cudi ciing. D phan
giai tuong tu dugc goi cho ca chi va trung tam.

Ricoh da dat dugc mot hé théng quang hoc cho thdy khong cé sy suy giam hinh anh
trén toan bo hinh anh bang cach thay d6i d6 phong dai cta hinh anh. K§ thuat quang hoc cia
Ricoh c¢6 thé thyc hién mot éng kinh géc cyc rong hon 180 do véi do phan giai tuong duong
trén toan bo hinh anh, tiép tuc 1am cho viéc stra chita hai éng kinh goc siéu rong nay co thé
ma khong can chuyén vi tri. Ngoai ra, cac dng kinh dwoc xir 1y dé giam thiéu nguy co nirt dng
kinh hoac nhuom.

Dé bo sung cho trai nghiém video 360° tot hon, Ricoh con trang bi cho Theta (vd: Theta
V) kha ning quay video voi micro thu am thanh da hudng bang 4 micro ¢6 sin xung quanh méy
cho ra video véi hiéu tmg 4m thanh vom hay hon. Tuy nhién, néu ban van chua cam thiy hai
long vé chat lugng am thanh cua 4 micro tich hop thi Ricoh con cho ban mot lya chon khac 1a
mua thém phu kién micro ghi 4m 3D gan rdi TA-1 dugc gin phia dudi may cho ra video véi
hiéu img 4m thanh 3D 360° chan thyc hon. Ricoh Theta V 360 di duoc tich hop san micrd véi
4 kénh cung cap am thanh chét luong cao v6i sy chuyén ddi lién mach giita cac kénh. Trong
khi d6 chiéc Ricoh TA-1 3D Microphone gitip nang cao chat lugng 4m thanh hon bang cach
cho phép thu am voi khong gian 3D 360° xung quanh véi dai tan sé rong hon. Pé cho chét
lugng am thanh tot hon, trong hop phu kién cua TA-1 con kém theo mousse loc am giup ta loai
b6 duge nhitng 4m thanh khong mong mudn nhu tiéng gié hodc cac am thanh nhidu khac, loc
4m, giam tiéng On xung quanh.

Aean et Spatial audio i 5
pickup microphone HRTF (Head-related transfer function)

7 B Built-in = Audio is played as if originating from
A M w microphone an angle 45° to the right side on the
) s front
frot Y~ | Right il
X sl s ¥ microphone o Right 45° HRTF
(Al [ (For right ear)
( 2 | . Right 45° | /]
\ / ® -1 Convolution
Left //w{\ S W ’%\‘ Back \ SR
T ' Audio | | Right 45° HRTF :
3D Microphone RICOH source e (Forlefteany [T
Z TAA THETAV .

Anh 16: Am thanh khéng gian 360° (360° spatial audio with linked video and audio)

Am thanh khéng gian 360° v6i video va am thanh duoc lién két. Am thanh khong gian
360° dé cap dén video va 4m thanh duoc lién két khi phat lai trén thiét bi xem va tai nghe VR.
Hai cong nghé duoc st dung trén RICOH THETA V dé tai tao cac thay doi trong truong 4m
thanh theo huéng ma ngudi xem dang xem. Piéu nay mang lai trai nghiém VR thyc té hon,
song dong hon. Ambisonics 1a mot loai cong nghé 4m thanh ba chiéu ghi lai 4m thanh khong
gian & 360° va tai tao hudng tu nhién & dinh dang [Ghi / Phat lai]. Ambisonics chuyén d6i
nguén 4m thanh thanh bon tin hiéu bao gém tin hiéu co ban (W), tin hiéu mé rong trude / sau (X),

27



TRUONG PAI HQC NAM CAN THO Tap chi Khoa hoc va Kinh té phét trién s 03

tin hidu m& rong bén trai / phai (Y) va tin hiéu mé rong lén / xudng (Z) dé tao lai mot truong
am thanh v6i sy dinh huéng. RICOH THETA V ¢6 nhiéu micrd da huéng duoc tich hop trong
do6 tao ra hudng tir cac nguén am thanh duoc ghi lai, tao ra bon tin hiéu WXYZ. TA-1 1a mot
micro tuong thich voi Ambisonics, c6 thé chuyén d6i cac ngudn am thanh da ghi thanh bon tin
hiéu WXYZ.

Boi vi phuong phap nay 1am cho n6 c6 thé xoay toan bd truong am thanh sau khi ghi,
truong Am thanh theo doi trudc / sau, trai / phai, 1én / xudng chuyén dong ctia hinh anh ngay ca
khi quan diém cua hinh anh 360° thay doi, lam cho né c6 thé ghi lai va phat lai Am thanh rat
gan voi canh thyc té.

Moi ngudi c6 thé xac dinh su khac biét vé khdi lwong cua ca hai tai va thoi gian tré cho
dén khi 4m thanh dén tai cho huéng dén ciia am thanh. Bang cach hiéu sy khac biét ciia hai yéu
t6 ndy, co thé tao cam gidc ngudn 4m thanh di chuyén theo bat ky hudng nao trong khi phat lai.
HRTF thé hién toan hoc (bd loc) gia tri dic trung khéac biét cua dit liéu 4m thanh & trén. Khi
diéu nay duoc két hop voi ngudn 4m thanh ciia hinh anh di ghi duoc ghi lai bang 4m thanh ba
chiéu, ngudn am thanh c6 thé duoc chuyén sang hudng trude / sau, trai / phai va 1én / xudng
gidng nhu hinh anh 360° theo déi sy di chuyén ctia diu ngudi dung. Cong nghé nay dugc sir
dung trén RICOH THETA V va chuyén ddi bo loc thanh 4m thanh duoc ghi lai giup c6 thé phat
hién cam giac vé& hudng va khoang cach tuong tu véi canh thyc.

Bo phu kién chong nwéc Case TW-1 v6i kha ning chéng nude v6i do sau 1én dén 30m,
¢6 thé gan chung duoc voi Theta S, Theta SC va Theta M15. Vi TW-1 ban c6 thé thoai méi
cam chiéc Theta ctia minh di duéi mua, tham chi nhung xudng nuéc hoic di lin dé quay hoic
chup 4nh ma khong phai s¢ nudc lam anh hudng dén chiéc Theta ctia minh. Case TW-1 duogc
danh gia do sau 98' va dap tng cac tiéu chuan cia JIS Class 8, co nghia 14 n6 s& dugc niém
phong dé ngin chin sy x4m nhap cta chét 16ng trong sudt qué trinh ngdm trong nudc. Cu thé,
v6i thiét ké cing cap kha ning chiu duoc 4p luc cao nén chiéc case TW-1 c6 kha ning chiu
duogc khi dua xudng sau dén 30m hoic c6 thé chiu duoc khi quay video lién tuc 60 phut dudi
nudc. Khung silicone kém theo dé sur dung v6i Theta S, gitp ¢6 dinh chiéc Theta S chic hon
trong bo case TW-1 khong bi di chuyén, nhiing chiéc Theta con lai thi khéng can. Do viéc kho
khan khi diéu khién duéi nude nén chiée case TW-1 dugce trang bi cac nat didu khién bang nit
bam co hoc gitip ta dé dang diéu khién cac chirc nang chup anh, quay video ciing nhu tat mo
ctia Theta mot cach dé dang.

Céc nat bam co dugc boc giodng cao su phia dudi nit bam gitip ngin chin nude cod thé
lot vao bang nhirng khe d6. B& mit hai bén vom camera c6 16p phu cimg dé ting do bén va lép
phu chéng phan chiéu dé giam do choi cho kha ning hién thi dugc cai thién. Cong vom camera
duoc thiét ké cong cau, 6m bén ngoai dng kinh giup chinh sira cac bién dang hinh anh do dwa
xuéng dudi nude, 1am cho moi thir xuat hién 16n hon khoang 25% va gan hon, qua d6 gitip khoi
phuc géc nhin ban dau ctia camera Theta khi khong gin qua bo case.
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Anh 17: Chiéc micro TA-1 nay dwge hop tac san xudt boi Audio-Technica

va Chiéc case chong nucc TW-1

May chup anh 360° Theta
M1S5 - White

May chup anh 360°
Theta SC (Blue)

May chup anh 360°
Theta V

Khoang cach ldy nét: 10cm - oo
Nang 95 gam

Két ndi: USB2.0

B§ nhé trong 4GB

Chup khoang 1200 anh
Quay phim t6i da 40 phat,
moi clip 3 phut toi da

Ché d6 bu sang: (-2.0 -
+2.0EV, 1/3EV step)

D0 nhay sang: Anh tinh:
ISO 100 to1 1600, Video:
ISO 100 t61 400

Tbc d6 chup: Anh tinh:
1/8000 sec. - 1/7.5 sec.
Video: 1/8000 sec. - 1/15 sec.

Khéi lvong: khoang 125g
Khau do: F/2

K}loéng cach 1ay nét: 10cm
dén oo

Cam bién: CMOS 1/2.3 inch
Do phan giai: 14Mpx

Tbc d6 man trap: cao nhét
1/6400s

ISO cao nhét: dat mirc 1600.

ISO: 64 - 6400

Khau d6: F2.0 x 2 lens

Do phén giai anh: 14MP
(5376x2688)

Do phén giai video: Tdi da
4K (3840x1920, 56Mbps),
30 fps

Live stream: 4K
(3840x1920, S6Mbps),

30 fps

Téc @6 trap man: 1/25000 -
60 giay

Bluetooth: Chup anh & tuy
chinh ché do chup

Wifi: Chup anh & tuy chinh
ché do, Chuyén anh, Xem
anh truc tiép

29




TRUONG PAI HQC NAM CAN THO Tap chi Khoa hoc va Kinh té phét trién s 03

4K /30fps
THETA-V
THETA SC 4k Video
THETA S c BB HEVC
THETA m15 Spatial Audio
THETA oo k ! 4k Live Output §
. il Android 0S :abr
) i 8
A o
\ 5.4k still B
3.6k still 2k video/30fps =D %) o= $
3.6k still 2k video/15fps >
VR/360 videos
Oct 2013 2014 2015 2016 2017 2018

Anh 18: Cdc dong san pham dwoc phat trién THETA, THETA m15, THETA S, THETA SC, THETA-V

il Vinaphane 185 - Lo e o
£ cai dat Wi-Fi Settings
Wi-Fi 9
ea o ‘
v THETAXN02100896 FERO)
CHON MOT MANG. ‘
hange Wi-Fi Passwo
Am Thuc Can Tho O] ‘
pdate fi r
dayamthuc FENO)
Camera settin ‘
Dien tu Tien Minh a7
Share S
NGOC NGAN O]
TRUNG TAM DT-TH-NN N0) ‘
- )
TIEN MINH ’ ‘
Khéc... ‘
|

Hai dé két ndi mang

Anh 19: Phan mém tir dién thoai nhom nghién ciru bai viét.
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i Vinaphone 187 b
Album Timeline 23

ngay 9 thang 8, 2018

Anh 20: Hinh chup thuc 1é tir dién thogi va may tinh cua tac gia bai viét khoa hoc nay.
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Lap trinh di dong véi thiét bi THETA:

API Reference

IP address and port

192.168.1.1:80 in direct mode.

In client mode, as in camera._listAccessPoints (RICOH THETA V firmware v2.00.2 or
later).

Request and response example

Request

[API (e.g. POST /osc/commands/execute)] HTTP/1.1

Host: [IP address]:[HTTP port] e
Content-Type: application/json;charset=utf-8

Accept: application/json (05¥0.1.2) | Android v0.1.1)
Content-Length: [Content length] Ot Vershont O Versions

Download THETA APIvZ.1 SDK

{
By THETA A SDK
Input to each API
'“ Old Versions Old Versions
Response

HTTP/1.1 200 OK

Content-Type: application/json;charset=utf-8
Content-Length: [Content length]
X-Content-Type-Options: nosniff

{

Output from each API

Download THETA APIv2.1 SDK
https://developers.theta360.com/en/docs/sdk/download.html

Va cho nguoi sir dung trén may vi tinh:

https://theta360.com/intl/support/download/pcapp/windows
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B open X s
4 || |« Thet.. » 09-08-2016_Hinh Truong dai ... v | @ | Search09-08-2016 Hinh Truo... O
OrgameE TERTEIEE =- m @
I This PC Gi
8 30 Objects
PO |
§ Downloads RO010067 RO010062 ROD10069 RO010070
B Music 2 ===
[&] Pictures
B Videos ROD10071 ROD10072 ROD10073 RODI0074
iy Local Disk (C:)
= DATAmin (E) RO010075 R0010076 RO010077 RO010078
File narme: [| | [spherical image |
Anh 21: Phan mém RICOH THETA download vé va cai trén Windows
dé xem anh va video 360 do trén may vi tinh,
Va so sanh cong ngh¢ 360 d¢ trén http://maps.google.com
Bz M om gk~ % [y Gosgabin xIC; degrghae ¥ |18 Dhshgd ales xi-s‘cnm'swu xlmnw.m_nv W(B 0 Cooglet x|+ Iumpmme. -~ O X

& C | @ Biomit | bips/www googlecam/ maps B4 01 33597118 4664637, 30 60y 228041 95,400 ata- wirll e &

Anh 22: Google Street View Link https.//g00.gl/DFzrjR
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Ciéc nha phit trién ung dung véi thiét bi THETA:

DO - RER Development environment
RICOH . Parnerfrogam - Developer e Android™ Studio 3.1+
: g e gradle 3.1.3
9 « Android™ SDK (API Level 25)
e compileSdkVersion 26
5 - S e buildToolsVersion "27.0.3"
— |% o minSdkVersion 25
ob- o targetSdkVersion 25
22
BFyy
User
Developer:

NTT DOCOMO, INC. (Development framework prvider)

(https://www.nttdocomo.co.jp/english/)
GClue, Inc. (Application developer) (www.gclue.com)

1. Device WebAPI Plug-in

2. MESH plugin for RICOH Developer:
THETA Sony Corporation (www.meshprj.com)

Developer:

3. EVRYPLACE Sync
EVRYPLACE (www.evryplace.com)

Developer:
HoloBuilder, Inc. (www.holobuilder.com)

Trinh b6 sung 360 SiteStream ciia HoloBuilder cho phép
cac cong ty xay dung truy cdp 24/7 dé xem cac trang web
xay dung & 360° thong qua phat truc tiép (Thoi luong phat
tryc tiép phu thudc vao méi trudng sir dung). Nguoi ding
4 HoloBuilder 360 SiteStream | €0 thé thiét 1ap mot RICOH THETA V & céc vi tri quan
trong trén mot trang web xay dung va sau dé phong to tur
xa vao duy an tir bat cr dau dé xem diéu gi dang xay ra trong
thoi gian thuc. Trinh cdm cho phép thém sb luong ludng
tryc tiép 360 do vo han. Trinh cim thém 1a mot phan cua
giai phap ghi lai thuc té ciia HoloBuilder, cho phép tich
hop cac ludng tryc tiép vao cac du an HoloBuilder hién c6
dé két hop tat ca tai lidu trang web truc quan.

. Developer:
5. Fita

Everywoah (www.fita.io)
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<New Plug-ins from Ricoh>
1. Wireless Live Streaming: allows for wireless fully-spherical live-streaming on
YouTube™
2. Automatic Face Blur (Beta): provides facial recognition and enables faces to be blurred
for privacy/security reasons
3. File Cloud Upload: automatically uploads images saved on the RICOH THETA V to
Google Photos™ via a router

4. Két luan

May chup anh 360° Theta thé hé méi trang bi kha ning quay 360 do hay live stream chat
lugng 4K vo cung cao cip. Thiét bi cling hd tro kha ning ghi am khong gian, sir dung twong
duong 4 micro tich hop dé tao hiéu ing 4m thanh vom séng dong. Nhu vay néu biét cach két
hop hiéu qua gitra nhitng khung hinh muot ma, d6 phan giai cao va am thanh séng dong, nhiing
video s& that su rit 4n twong. V& phan giao tiép thi & chiéc Theta V nay thi Ricoh di trang bi
wifi 802.11ac giup vi¢c kétndiva truyén hinh anh duogc nhanh, 6n dinh hon véi kha nang truyén
nhanh hon 2.5 14n so véi cac dong trude ciia minh, song song d6 viéc stir dung Bluetooth ning
lugng thap (Bluetooth low energy-BLE) gitip may ludn ludn trong tinh trang két ndi véi dién
thoai qua Bluetooth hodac Wifi. Trong bdi canh cua hai cong nghé nay, moi truong phat lai
tuong thich véi dinh dang am thanh khong gian RICOH THETA V ¢6 thé dugc ghép ndi véi
trinh xem HMD hoidc VR véi tai nghe va chitc ning theo doi dau dé lién két hinh anh 360° ma
ngudi xem dang xem v6i 4m thanh 360° cho ban — ¢6 cam gidc mang dén trai nghiém VR truc
quan va am thanh trung thuc. Cac ing dung di kem theo thiét bi THETA duoc cac nha lap trinh
va cong ty phan mém khong ngimg hd trg tao ra cic phan mém ung dung da dang va phong
phtt hd trg ngudi dung trén thé gidi. Hé thong phat trién c6 thé khién nguoi ding cam thay nhu
trong méi truong khach quan. Vi vy, ho c¢6 thé hoc cau tric cau va cac thong tin 14n can khac
thong qua ché 46 mé hinh va kiém tra chi tiét véi ché d6 toan canh.
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