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Augmented Reality Method Combining Object Detection and Spatial Projection

CHEN Qiong, LIN Xing-Ping, SHU Yuan-Hao, HU Qing-Yang
(CETHIK Group Co. Ltd., Hangzhou 311100, China)

Abstract: To register and track fixed objects, the common methods are using prefabricated markers, or using professional
AR devices with integrated depth cameras and other accessories, whose costs are high. To address the defects of existing
methods, a simple cooperative hybrid tracking and registration technology that integrates object hetéction and spatial
projection algorithm is proposed. Firstly, the object type is obtained by the deepﬁ learning algorithm for object detection,
and then the specific object ID is determined by the spatial projection algorithm'using position and posture information
obtained from sensors, which improves the matching degree and accuracy of the virtual information superimposed on the
real scene. Based on this algorithm, an AR applicatien for sm'ar't IoT infrastructure maintenance is realized and
experiments are conducted on objects such as'light poles and trashcans. The experimental results show that this method
can run on ordinary smartphones and AR glaséés, achieving the expected results, avoiding the need for prefabricated
markers, and reducing the requirement for hardware resources.

Key words: augmented reality; tracking and registration technology; object detection; deep learning; spatial projection
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(1 S B PR 458 0 A B (1 08 R A A 52 B AR BRIl (A1, 78
SR B FH HROE R T ER A BUGR A E AR
FEAR K S I BREFE . A SCHE H A SEF B RRAS I A A
()45 5 [ 1 SR LS 7 v, A A B I VR B T P R B
TR 7515, SR AT M AR P R LS R G R L S R
i T JC ] 2.

1 MRS AAHOC AR
1.1 AR B2

T MAIE A 20 (video see-through) G 5435 A1
3 (optical see-through)™ & 38 5 FL S 7E A B 1 () 5
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b AR B I MO ) 22 AR AR 20 ) 3R AT S
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:
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B HEREANR R
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2% /4% MobileNet™, JLAL 2575 TiZ M4 1) 1 4> Depth-
Wise &= AN 10E H 7 1 DMEPEIE AT B R
BelE, BALGE R PointWise B E M IE R 1x1 5
N, 103 (1) TR, Wpup s 1% M4 R E S 400 &,
W R R EER N ESH L&, H, W, C, k, ¢ 777
FETRINFFAE A SO0 R AR A% 0 s, 98 DA A TE 4L, 4
k=3 W}, P T LEAEDR I /N T 1/9. [, ik DepthWise +
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Hrb, H W, C, k, ¢ 53 ARG S N RFAE IR i, 96 18 E 4L
CLEERZI S SE 88 E E FRRI SR 1 W 245 45
AL E 13 4 DepthWise HAZ. 13 4> PointWise 45
BUZLLL 9 AN @B E, HH 13 /> DepthWise 51
JZF1 13 A~ PointWise B2 B &, 2 1 ZME)a
8 EMNMWMERZ, Wk —HL 35 EERZ. Il
DepthWise &M Z M 3x3 K/ANKER, T f
PointWise &AL Z M H 1x1 K/NER . FANEGRE
MBI, BiE. PRESHRENE 1 s

R 1 MRS

=4 HAY T HK

1 Conv 3x3x32 2
2 Depth-Conv 3x3x32 1
3 Point-Conv 1x1x32x64 1
4 Depth-Conv 3x3x64 2
5 Point-Conv 1x1x64x128 1
6 Depth-Conv 3x3x128 1
7 Point-Conv. ¢ T1x1x128x128 1
8 Depth-Conv & 3x3x128 2
9 Point-Conv Ix1x128%256 1
10 Depth-Conv 3x3x256 1
11 Point-Conv 1x1x256%256 1
12 Depth-Conv 3x3x256 2
13 Point-Conv Ix1x256x512 1
14 Depth-Conv 3x3x512 1
15 Point-Conv 1x1x512x512 1
16 Depth-Conv 3x3x512 1
17 Point-Conv 1x512x512 1
18 Depth-Conv 3x3x512 1
19 Point-Conv 1x1x512x512 1
20 Depth-Conv 3x3x512 1
21 Point-Conv 1x1x512x512 1
22 Depth-Conv 3x3x512 1
23 Point-Conv 1x1x512x512 1
24 Depth-Conv 3x3x512 1
25 Point-Conv 1x1x512x1024 1
26 Depth-Conv 3x3x1024 - 1
27 Point-Conv 1x1x1024x1024 1
28 Conv. y L 1x1x512 2
29 Conv & 3x3x256 1
30 Conv 1x1x256 2
31 Conv 3x3x128 1
32 Conv 1x1x256 2
33 Conv 3x3x128 1
34 Conv 1x1x128 2
35 Conv 3x3x64 1

H a5 SSD Jd i B B AR ) E 3] (scale)
FIE i L (aspect ratio) B4 & (anchor) K42 HUH T4
FEEVAAZE G 73 M e 5 I HEEE & (default boxes). H
T kbR AR 24, 7 — H b & ZAEAF
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PE BN REAT R, R b TR T 0 AU AE R Sk AR
e VR B . X IR BRI 4 AR5 11, 13, 29,
31, 33, 35 J= %t 25 SR A N HFAE I (feature map),
J R AE B 4 B A i RO Bl ik S =X (2), Hor
Smin = 0.1, S max = 0.95 , A AT ZH R RS LG4 0.1,
0.27, 0.44, 0.61, 0.78, 0.95. [dINf, AN AHER T T
9 FiANHl f vE bL, anak (3), Lefila, 43514 1.04 2.04 0.5,
3.0, 0.3333, 4.0. 0.25. 5.0, 0.2. H1x (4) F= (5)
AT DATHSLIAHE R 9 AN ) i1 5, SLiE b AL AR i 5
bz s Ed SR TZIR. \ e

S max — S min
Sk =Smin+%lmmx(k_l)|ke[l,6] (2)
a,=1{1,2,0.5,3,0.33,4,0.25,5,0.2} 3)
w=Sia, “4)
Sk
h= 5
Var ©)

Horr, w FORIAMER 5, h FRIAHER) 5.
23 ZHEREMNUTERE

ATIRSE 2.1 A2 IR 9 vl = 4RI R 50 51| B %5414
br R AP IRME 2 Fow, &2 BRWF.

IR 1 BB & R AR g 2 A1 Y ) = 4R Y
H£ENES D, D SN N, Dn N n NI,
G D, M n=0 JF4f, D e 3R AL B 15 2% H BAL B Y
TS HEH A R. R AEARHIH WGS’*S‘i/Pseudo—Mercator
PR A7 VS BRI £ 22 % 6 4T WGSS 84/
Pseudo-Mercitors i B2 LR 5 14 6 1 S B
A B £ A 3E B A8 bR &R, FF HAETHE A 3
SRR B R AR . BRI AT B T

PR 2: 1 n<N $ATHIR 3, BIWHAT IR 11,

YR 30 U A AR AR B Mm, F T ¥ = 4R A
Dn B FI T AR & AEAG] b, Z4EBE WGS 84/
Pseudo-Mercator AA5 5 T [FIB AL {8 A GPS RAEMIAH
PL AT B R WGS 84 AR R T A, 75 B AT
# 5 WGS 84/Pseudo-Mercator A4 Ax 2 N [ K il AL Fx.
DRl i = 4 A5 28 AR ML B 1R 23 (8] 2 % 3 8 WGS 84/
Pseudo-Mercator, 1= RIAS HAh 5 Mm Ny BT 5E R

IR 4 T E AR FE My, TR R AR R
HR) = HERERL D B ¥ BAHAL AR AR &L A a2
WGS 84/Pseudo-Mercator A4 br % 4 B AHHLAA bR R, A
5451 FH & e T 1L R e 1 b B9 77V setLookAtM(float[]

© TEREBIK R

http:/fwww.c-s-a.org.cn



2023 4F 55324 55 10 41 http://www.c-s-a.org.cn - X A

rm, int rmOffset, float eyeX, float eyeY, float eyeZ, float
centerX, float centerY, float centerZ, float upX, float up?,
float upZ) Kt SANAZ WA RE . FLrh WL AR e [ OR A7 A
rm A, rmOffset 7€ LT rm AR HAFERIEE 1 A
ERRG.

4RSS D, D LR
IAECH N, =4ERAL)
S H N R

%%ﬁ%ﬁﬁajfl

Won=0 i~
b4 2
n<N?
AL ¥ o
R, Y -
seng / ) SRR whiss /
\ W
/ wwr /| [ /
RO |
Y 3
s |
Tsnening | O ]
Sl R REELY N N
¢ X
4

T RAR S My, 1T
Kttt SR Az e = R
Dn BN 2

e

e ,¢ 5
i v
s

e

Dn FeAb B BT AR R

— 6
AR W
M=Mp*xMvxMm b

v
%t Dn AT AERR AR, 7 M
BRI, B _
LR T
v Ay g
wrngs. anwl )
i M 1
STy B

Dn 1Bt

)
#5 D'

9
sowin | S

4R D
[

11
ghp, 155
SRS D

B2 B s hE s br R T H R

Wik 3(a) AR, (eyeX,eyeY,eyeZ) AR AL 1) 3 A7
B AR, IRAE R 0 GPS SRELK WGS 84 Ak by 4 3]
G — IR A AR R A B, TR AR B i 7E WGS
84/Pseudo-Mercator A4 {5 & AL FR. (centerX, centerY,
centerZ) NFINLALHE A0 )AL FR. 40 3(b) AR, (upX,
upY,upZ) AN FEAFAE — A & (eyeX, eyeY, eyeZ)
(centerX, centerY,centerZ) F(upX,upY,upZ) t FL AL Fx %
AR, FEAGIFI LU TS L WGS 84/Pseudo-Mer-
cato NS% R, N(centerX, centerKfen\terZ)ﬁjfﬁﬁD?:

P’ = (w1, xi,j,zk) = gpq~" (6)
centerX eyeX + x
centerY |=| eyeY+y @)
centerZ eye/ +z

« R (6) AV THOS L, iv jo k2D TCH e 3,
Xz E T REG w AL ¢ RTFHEEN
Moc o, iR4E & s T LI ROTATION_VECTOR
FEREERIREN. ¢ N ¢ W3, p=(0,0,0,—k) & =4 &
(0,0,—DIIVY TEEE R, (upX, upY,upZ)it575 0

I = (wa,upX X i,upY X jupZ x k) = qghq™" ®)
3 (8) rwy S, h = (0,0, j,0)2E =4E [ H(0,1,0)
GlUPT A S

AR

HAHL (eveX, eyeY, eveZ)
(a) ~E 1

Y §

Up-vector
(upX, upY, upZ)

(b) N 2

K3 MPLER SRR
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WHR 5. THRE AR HAE M Mp, F TR AL AR bR
R Dn B BEBT AR R A A R R TR
I H ) J512: perspectiveM (float[] m, int offset, float fovy,
float aspect, float zNear, float zFar) i+ 5 Mp. Hrf m &
RAE Mp WU offset N m 1 Mp 15 1 MERIESI.
Jovy AL y BT AL, W 3(a) Bron, AT 5,
fe it 2. Wi 3(b) A, Up-vector 77 [\ it /2 AH
WLy I . aspect AL B 58 & L, zNear RT3
BYFTH B AHMLI PR BS, zFar J9izo 8 B ~F TH] 25 AHHLER 5.

IR 6: A &AL HAE P, 15 2255 I AL R AL
REFE M, Horf M = Mp x Mvx Mm.

R T: % Dn AT AAAR AR H. ZHERBR D B —
KNP = (x,y,2,w), P ZFIRANR, P 5 IR A bR A

P’ = (Xclip, Yelip, Zclip,Welip) = Mx P. TR 438 B0 |

G, BT R AR R ?%E@U*)ﬁPndet (Xndc,
Xclip Yclip ~ Zcli
Ynde,Znde) = (Wclil;’ Wclig’ WClli)) '

S 8 XA = SERER D 4T A, WA
AR A AR R 3 B B oAb bR R, 19 B 5 1A
A Dn'. WAk 2K PR 7 13 B S Prde R R4
MR Pscreen = (Xs,Y's). TEAAG] A 5 B AL bR 2R 1) 5 05 7
AHALFA $6k 1 [ ) A A, A D X Bl IE T, RN
Y HIEJT [, A4 Pscreen HiHE AR T:
1+ Xndc

Xs = screen,, X 5 9)

Ys = screeny, — screeny, X 1+ Ynde (10)

Hordr, screen,, Mlscreeny, 73 ) A HL T 6] TH] 1 58 A0
ZE—H Dn LW, 5E 8 Dn IR bR EE 3, 15 356 =T |

%
5 T T 1 B A b R 1 — 4B D

SR 9: 45 DnTRNGRGE D

W10 n=n+1, RABFE 2.

SBIE 11 RGO, B EIE A DRy R
S8 D B F B SR RS IO A

e

3 WKL it N A R SR

AR5 RT LA 32 L P A T A A 5t S s
dE. TR, SCHRT R S5 AR 2 AU, PAAS SCHb
W TTIE IR, S5 & PR R, TEA TR TR
SRV AR N R BEATIRUE. £ AR B, H
J7 R RIS A Rt e A AT AT R4S )
WA WG T, B RO, R SRS, QAT

128 Z4i % # System Construction

SO, 7 3K AT 4 ST A AR,
B R R e — AR s, LA e — A ST 7 P,

& AR BEFISCH, TR T B RS S 40 %, 4
3SR R 25 7 R RVBLAIE W7 0. BE R RS B A B U
1 52— [ 7 P20Pro S [ FHL, HAELA 6.1
OSBRI 4 4 000 5183 0 = Sk, $E A
B 970 Kb EEESH 6 GB WAT. B & umik s 2 £ —
AR TR TRLRENL, 1 4(a) T, % TRRRENLR I 4
PSR, B SRR N IR 65 L, T e
5 FmiE USB-C LR B il B, 23 it v
S 638 L 358 o1 1 1 A D 0 4
P20Pro, AN (b i, AR MR H L B 5 R
FIBES e S 10 AR BRmisl, 78IRS b 2o 25 3% Sk
R8P, (573 AR MR B2 A0S 3K H0 B L 7 1 £
S B IR RS BRI AT H AL

(o) TRERERLA S
Fl4 AR RS TR

31 BFRME AL EANIGRSER |

TEAR AR I E BRI, —JERH T 10723
B R Bl R0 P G 9 520
TRV (AT FE A, 1203 IR A 1R A S,
VIR A2 i 1% B BatchSize 4 24, ¥IUA% I R E N
0.001, 4% RMS Prop B EERA T 3, B 5 T3P — Ik
23] RGEIR, FEIRBE N 0.1, IEARYILR 20 5 IR1G B B
A1 ALARTIBRS. SRR AGEREAT A, 4/ cOCOo
API (application program interface, N 8742 1) 4T
VA, VPSS R A0 S frow. HAp AR mAP
(mean average precision, “FIJFEHER) 5 0.849, mAR
(mean average recall, *F-33 A [715%) }y 0.879, Kk (K
%45 K AH>962) il mAP B4 %] 0.866, mAR % 5|
0.895; H14E R (BB &= 1A <962 H ENZAR &K A
>322) ) mAP & 0.683, mAR A 0.729; {H/Nik (K14
% E M <322) i) mAP Ml mAR 1 A 0.467 1 0.5,
A WL AZ AR X /N ST (DR R HE R 22415 R de T XoF
BEITAT . BB 26 YU HERR R 2 A T PR, BF

(b) TAEREHLEEFZ R REFHL
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i H AR G N H

g R 6 Frw. Horp b s i 2 i m, 122 0.900 5,
BEARFLIR, 153 0.884 7, B BT HER R A%, RA
0.762 8. AHE T 1 AR AN 35, 2 BT HF A AR,
IR, B R, W 7 s, HHEF
FE R G REIE, IS T 2 g

2 BN B pSERSS BORRAE
0.849

1.0

0.866 0.879 0.895

0.8 t

0.6 t
o
F oa |

02 t

0
mAP

K5 HARK I PG 45 R T

mAR

095 % N -
\ 3
£0.900 5

090 | “ 08847

0.85
A
é 0.80
0.75 +
0.70

0.65
BEITR bRME ks

6 3 PHEEA PP AR

Yk,
w Y Kﬁgﬁa \‘ .
Bl Siia (7 A A

FESESS A8 BTR  Be FALEAT H AR I AT 5
VR BN, T R AN He 4 9 26 2 40, B itk BEFE I
4152 200 ms, ToVEE BISE ROR. 2N, 425
BRG] 1/4 A, FERRE D 2] 70 ms A2, LGRS
HERR AR IR T L R,

H AT, BIERKIRAFEA & Z AL, 1 hn: (1) TeviRl
it 4 m LLAMYIE RS A 8 m LAAMI Bz 3 M, BRIk 7 B
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