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Abstract

With the rapid development of technology, an increasing number of high-tech
products have penetrated into people's daily lives.In life, it is inevitable to encounter
the unclear use method of equipment, equipment failure and other situations.However,
it is often difficult for ordinary people to cope with all the situations they may encounter,
and relevant experts are not guaranteed to be on call, so there is a huge market demand
for remote guidance systems.And at present most remote guidance systems limited is
associated with the two-dimensional plane, this way for some without the personnel of
relevant experience is not very intuitive. There are also some remote guidance systems
that incorporate augmented reality to good effect, but these systems often require
expensive equipment to use.

Therefore, this paper designs and implements an online remote coaching system
that incorporates augmented reality technology and can be deployed for use on mobile.
The system works through the use of augmented reality technology. The user can
combine the object 3D model to elaborate the problem encountered. Experts can also
conduct professional guidance to users through the combination of AR special effects
and 3D models. The system enables remote guidance by visualizing objects and guided
movements, greatly improving the efficiency of remote guidance.Augmented reality
technology requires real-time acquisition of the postural relationship between a given
object and the camera, so the application of augmented reality technology also requires
the help of the rigid object 6D pose estimation algorithm based on the instance level.

The rigid object 6D pose estimation algorithms are usually divided into two types
of algorithms: location algorithms and tracking algorithms. Between them, the
positioning algorithm has higher accuracy and slower inference speed, which is
unacceptable for the real-time augmented reality technology. The tracking algorithm
satisfies the real-time requirement, but the current instance-level 6D-based pose
tracking algorithm basically uses RGB-D data as input, which is obviously extremely
high limiting for the equipment used in the system. Therefore, a position-tracking
master-slave network for augmented reality applications using RGB images as input is
proposed in this paper. Therefore, this article proposes a master-slave network for
locating-tracking applications in augmented reality using RGB images as input data,

combining the idea of knowledge distillation. By distilling knowledge from the locating
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network, a smaller network is obtained for rigid object 6D pose tracking. To train and
test the network, this article constructs an RGB image dataset consisting of four objects
and tens of scenes.

Based on Unity3D, Visual Studio Code, Xcode and other platforms, the front-end,
end-to-end communication and system functions are implemented in this paper. As
tracking requires an initial pose and is a process of accumulating errors, this paper
combines C++ and socket technology to build a server for placing the locating network
model. The initial pose is given and the tracking error is corrected by transferring
information from the user to the server.

The experiments carried out demonstrate that the master-slave network proposed
in this paper achieves high accuracy in rigid object 6D pose estimation. Furthermore,
the tracking network runs at an average inference speed of 129FPS on PC and 25FPS

on mobile devices, which fully meets the real-time requirements.

Key words: knowledge distillation; remote guidance system; augmented reality; rigid

object 6D pose estimation
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BT AR IR EIVRAE 2 70 R I BRI R, AR T B i At )7 7] %)
ZHES T RNR AR A AR . e 2017 & Zagorukyo 45 A\ PSR H i i $2 B
A R R T EIE N “RR” fe RISk, 2019 4 Park 55 APOHE HUR
Z AN BSR4t A 9 540 BT, G5 .50 S REAA I HH 2800 I 2% 1) 5 A4 AL RRALE
A MG LIS R E 48 S . 2019 4F Wang S AMBRHE R REEEE
i 2 (RN, IR AR O 2 2 AR AR AU T I, DRk o i 1A 5 2 (Ground
truth) IO E, FRibA R e e B FR UMY . 2021 4 Shu 26 AU
P AL e IR AR 287 120 8 MB35 2 S B0 AR WX 2 B2 2 > 2800
EEIH, PTREICIEIRIS LA S, DRI $2 ) AN @ TE AT 0 — AL A B Ik 2
A R 28 2 ST AN A — A A A ) 7 1

2.3 PnP |9)8%

PnP i) @ H TAHNLEI AL 2t PoP [ REUREIAR )2 AN FHARAR R R n
> 3D FAKR XS 3D mIXF R 2D AR AR W L ZEREAT SR, H RT LR
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H1H T PnP o) B B35 DA J LR
23.1 DLT &%

DLT (E LA BiEA A 30(2-8) i AR LB Y o fip 2 37 (1) 2644 7
FEXIL LA TR . AWML S EEAE N O AR, TUSMZ AT &E 12 K
e (LHREAEMREE 9, FRAELE A3 , It TERESD6
X} 2D-3D siAHE AT BEAT R M. £E DLT Bykrh, XLORMAREW AN AT K
RHEL, FrRGHISEOT REAST G e R B I 200 o TR I 30 75 S50 e 0 e e i e
FHER—ANFFE KA TR .

232 P3P EE

P3P HyLIE 752 4 XJ 2D-3D ri0T HSRAE D PP a8, FHorb 3 56f sint F >k
HEAT L SR AR T (1) 2508 P SR AT S0AE « R 3 X6 5% v AAS 3 = A JE (1)
FRABAOC R W1 2-5 B, 8 A4 07 A% mT A3 BIAH AL AL bR 5 T IX 28 5 3D AL FR
TS ) R4 64 3D-3D (1) ICPU2) i it {H P3P By e v I o6 2 1) 5 55 B
H P3P LGV, RYZRIMEREFN, SOV IRITEI 2 38Uk R

2-5 P3P =ML R K

2.3.3 EPnP BE£

EPnP SykUSLE H aiff 2 SR A PP il ik, HEAES P3P ByEH
fol, ¥R S ALPR R T 3D sSEAHNLARAR R T 1) 3D Akbr, MIfiH 2D-3D
] L 604 3D-3D [l IR ICP HIkHHTRIE. {2 EPnP SEFIH TH 2
RO FR, AT AR/ 75 T SR R 2 o

EPnP 5y S fE LAt S AR 2 N1 n 4> 3D s Hpiliid PCA BLIES: 4
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ANSLI )4 L R R ARER RN IR R 3D U B ) AT RO . Bl S
BN A Y 2D G Ahbr, S SAE G S7EABNLALFR R T 3D ARAR I ZR T
FEAH, Mt ) A AEARHLALAR 22 T 3D Ahs, MR T 3D sZEFIHLAL AR
Z N 3D ks, BEJEFIF ICP Syt 3D-3D [n) @17 KA

2.3.4 BA(Bundle Adjustment)& £

DA = b B0k B SR SR 7 VR I AT T SR, 2 T 0 i 2 [ 5 ) A1
PRREN LN, I A g T R AL AT SR AR, 177 BA SIEBAIDE AR HLAL
25 2] AR BRI AL S B — AT A, K PP RIS B — AR 2R
/N3 I AT SR AR

HhABREZEFE n A 3D A, HitALWRRFRIFAN: P =
{X,Y,Z3"(i=12,....,n), XM BELIFR TR F RS RN: P =
{up v, 3T =1,2,..,n) o AN Z A H MM HBEES, NE:
wilu;, vy, 1T = KT[X;,Y;, Z;, 1]G = 1,2, oo, ) H P w RORIRE, KNAENINZ, T
DN AR AR 2R BIAHATLAL PR 2 1A 05

T ARMLAE 28 2 S0 FLOCI 2 T A7 AE iR 22, R Hn AW 5 ) B R iR 2,
ol iR 22 T B NR e e/ 3 I R, AT DA a0 N AR

n 2

Fapy =)

i=1
HI AR HE FET A e B R 32 21— e 29701, DR il i A e il B 20 AR ) 2
REREAT SRR, Fedi)m i~k

(2-11)

1
|Pi - —KTPl-|
Wi

n 1 )
FEP) = ) NP = —K - exp(") - Pyl (2-12)
i=1 !

HrhEFoR et g, & Ronieks i BRI RIE, exp(E") R & B[
PR RO o SRS R T B R TR e A TT ), R A kAR Hin
s R EE LR VR 2 R ) i/ MELX . AR 5 R

2.4 mILELE A

s DL TC A B AR AR S 3 = 5 v T i I 28 AR P 7 24 T B 0 B R, RIS
N EEN T H AT R LR VLRSS

2.4.1 SIFT B

SIFT 53kU51F- 1999 42 th David #2 1 IF-T 2004 4E 563545, ZH0AIN 925
AR AR R 2 6] AR A, ISV AT 0, B TR
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FIRFIE R — 2 SR, ARG L 17 N7 5 28 S DR 3T SO ) e i
m~ 0% RS, BRI SIFT SUELE —E R BT DU o LT AR -
©  HIsRNgER. et 5T %

@ RO A
® K
@
® W

XA bR BB B R

SIFT 5o R0 0 S LB W & 75 0%, T & 7 BRI
A PR R AT 5 SRR BT A R K. N RO B B0, 76 7 7
BN | T R S5 BB . TR TS A S TR

G(r) =

L e
v € (20%) (2-13)
V2mo

FEARQ2-13)H, o 1L A HIARHEZ , o fI1E 5 FIR BRI S 1R A 5 .
R EAR, REIBOCR BISCTORIRE R o X 4R BRI TR (x, y),
XL TS AN Frs (m SnZom o) -

1 (x-m/2)*+(y-n/2)?
Glry) =5——e 207 (2-14)

HERR T e NN 2 M T AFAE 257, BRI 4 & TR R
Py G B PP ORI SOEAT ALK RO B SEA H0_E— F—2
2 07% 26 UL M, SRR R A CRBEA5) « BR8P
i

B 2-6 I fEL s ]
N T AT RBE s IR 1 AT e AN, SRR 22 47 <5 = B vh er DU ) P O B
5 HAREE O W BRI ST M ATREIE, BRIEST5 2 3 F (2-15) (2-16)

I

m(x,y) = \/(L(x +1,y) —L(x — 1,y))2 + (L(x,y +1)—-L(x,y — 1))2 (2-15)

0(x,y) =tan ((Lx,y+ 1) —Llx,y—1))/(L&x+ 1,y) = L(x — 1,5))) (2-16)
FeAd B BT SR AR R R S 7 R, R BT B R s R AEARER W
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KT BN MR R R KA, WA IZ RREFHIE R BRSO MR n iEN

) o N T IMPRAFAE SEULHD, S E SR 1. 5. 94 13 PUAM B B IKEEE
AR, WREA 3 AN ERLA B RMR B S A BB R T BN TR O R FEAE, Tk
PRUL . B8P RS B AR AL 5 AT BEAF AERF AL AR BB DL, O 1 A I Tl
%, TR LI B IE 5 A B 16 MER A ZED M. Rz 2 A
BUNR AR, XA S AR O AR SR A0

|

[ [ [ [ | holofs] [ [ | S
) | | Eein] | [ S
ERTTOEEEE

5] 2-8 HFAIE 45 b

gt FARPIR, (F15 3] 7 FAST BEATHE BRI RHIE s, 32 kit BRIEF &
X I B RREAE s A A AR R 1 BRIEF S35 8 Sl A FH v S Bop ot B 3 E AT T3
WOFE, PR WEFE TP . SRIERT G OB S, TR Sig R, ARHEZE N
Wi AT PRI — gy o RJETELLRiqu AL, FREZE o /2 0 A e L —
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JEFNIA 6D LM THIT AR fELGRRE TS F RS RT5 SL

My o R Hﬁj‘c R 5 R R AR, Hiqy > qp MR T oo RALE TR DY 1 &
ZH0. WIEEE PR, RARSPIRHE AR T

2.4.3 SuperPoint Hjx

SuperPiont 541y DeTone 25 A\ T 2018 “E4 HH, SuperPoint %% 45 # & 4
K] 2-9 firR . 1L T EOE I AP BRIRRURHE USR5 — DA R
= AW R 2% ?ﬁ%)ﬂmﬂl, 5 BRI 2R N 2 A A S L FL S
Y B A i G B =R R AR TOR N B R AT T LA AR A B TR 8 R T
B, IR XK B R SN g8 e, A I S B A AP B R 1

______L@Eﬁiﬁ"i%ﬁ_ _____
|
: R ws H
| ’ I Eed Softmax =g Reshape |
H/8 |
| |
I | W

—_—— e ———

2-9 SuperPoint [% 4% 45 H4 7R &

BT WA RAE AR TR WG EINZR, vl R0 T — B i U R AR 3
R RANGT o T MS-COCO £#iE 4 50 FrAiE fi BAH, Atk SuperPoint $2H 7 —F
HSLEG ASRER T, W 2-10 . %0775 MS-COCO Hr sk E i n
Fh LN AR He, 45 30 n gRAZHL J5 U o B TR0 L8 ] AT RRAE R PR
AT LS 2 n ANRRAE s AT B R IX ey B BN IR R A B B RE
fEm, 1S3 T R 46 BRI RHIE R EAE

- HIEGARTRE
SES THR  RIG  REA BLRER
HEEH BETHR  mEE WD B8 SEARE

m \/ a-A _'I"'I"-"-\ BB AR
iﬁﬂuﬁmm/" H "V"Illll"- -—»‘+—» - A

Jinef \I~\ A ~[jin ~ [~ -/

2-10 HSZEMG B AsiEm AR E
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A 25 1 e MR [0 25 1613 35 AL A% R0 A 7 T 6 R 6D o7 £ 11
AR E AT T AN 2. BEE AR T PP LA, PP R B FE I LA iR
P BRIG, RPN IR, AR AT AR A SR DL K 7 A 1)
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3. TH R3S SR I SE N A AY RE (L —BR R 2 M 4K

AT B TSRS T R 3 SRS Y (0 A — BRI 2% . T
S MR ER R AR R FEACRAE S I ZR SRS LA 7 TAHZ I 28 AT A28 3L
YR BRER X 28 U1 25 B B SRR ZR AR VR S 10 R R O AT TR A B R 48 T
B AR RS S T VA R bR o S5 % A1) 1 2580 ot bS8 PR P 4RI O 1
S Bt 0] S 5 RIEAT T A AT

3.1 PREE I 5155k R

3.1.1 M4gLEH

AR Pt PR T e 1 5 I S P 0 8 A — R B S AN 2%, i s DL FE Y A8
B, SRAPR SN BHR SRR B 5 AT R AEIL EC A5 75 U3 21 2D-3D sixi 5 &,
SRIERIA PP SLATHEAIN A2 . Herpog LSl — A BB R IE S A 2 5 A
ARG AR L, EURFREgmfD 25 5T EncNetSI M2 &5 4, KA RepVGGHUE N
G a0 T, N T BRI R RE S WA S, SR T TPUPOBEHACE
WY KRG B RIE AT PR AL EE R A 3-1 s

v —| eerEsw |

SESE |

o —————
v

3-1 SE AL M5 45 1) ]

L VAL SRS S EIET 3 SRS VA iy € S Y A S U IVASE PN O
REARML. PRIELEE R L, B 1 MR RIS Iy SC 2 8k, 5T N T B
SRR Y 3o I HOU TR RIHENWT, IEM e 1 e R A, AR
B B 3 1) BB AE U DL ACASAR o
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5 VS BAE A T A R R R, A AR PR N A2 A — i B A Lt A
BRI A 75 4 FH 4 R R IR -5 B0 2 X B R AT 15 2% o W5CAR SO o) 5 A7 199 265 1)
WX 2 S5 A THEAT AR, 19 3 SRR 2 SO L TR I BRIER o BR R N 2% 25 R dn ]
3-2 Fizmo

=!!!l
BN

EncNet

JPUtER
— 2| AR

EncHead

RepVGG

FRHE

3-2 BRER M 45 1 1
L A RRFAE 53 SC S5 AN 3-3 Fitam o 1293 SRS 28 i H IR RFAE 43 ) 42
HARFIAZ S BRZ AT A, 152400 EE A R DA, SR 5 R ix e
FEAE AT R4, B S K PH 2 5 I RHIE 0 P S 4 12 215 21 B /5 1R 42 SR RHAIE

__il'_ﬁ/’__’ — 7. N

406x1x1

— g -7
—iE —
406x2x2
_,/_, V4
406x119x119 — ’ — — 576 1920 512 256
CxHxW

406x3x3

-9V,

St 406x4x4 #m

3-3 A JRIRFAIE 7y S A5 A B
SET I RS R SCAS AN 3-4 Bl o 1200 SOR I 28 By 1 IO ARS AR 22 A
EREMERE T BB SR IL.

406x119x119 C_in=406 C_in=150 64x119x119
CxHxW C_out=150 C_out=64 CxHxW
kernel_size=1 kernel_size=1

3-4 SRSy S EE R
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3.1.2 KRB SRS

AR RBOTTH, EALFE S IRERSFIREIR A 73 R % Contrastive
Losst®!o 1ZeRHUIIAE T2 7 A6 R 285060 [F) R e BRI S AT REARALL, AN T
FAHE IR R 22 7 R e BER . BRI A S G-DR:

N
1
L. = ﬁz yd? + (1 — y)max(m — d, 0)? (3-1)
n=1

ARy REEALRTF, | ARRIEFEASNT, SFEAN 0. mNIEFEAS FfFE
AR 22 B AR B ) B /N 22 5 P o AR RN R A RURFAE 22 T (R R R i

AR SCR YN ZRBE b IR AURE AT IS a0 R R T I, e — I SR
HERFMF  SZ ISR S S5IFERI LU, i hdists AR5, THEIXFm
B A (R ) R B distR s BeJa, BB IEFEARBIEALL . AR IFEAT I, 4
distf R T BRMEAGE HdistR/NT ARSI, MYCHF 5SH—SFERA . RZINHF
HSA—X AR IEAREARRIWFRHED(3-2)s (3-3)7n:

Lyos € (disti > 29%) n (distR < ABL) (3-2)
Ineg € (disti < 2%%) U (distRE > ABL,) (3-3)

FE RAFFAERBESIZRIN , O 1 ik BRER M 25727 BR A 5 _E RENS 2 1 BE 22 10 ke
ik, AT R AR T W55 B T ERER S R 2. MAERRYHERTIN, Oy T
e i ER R AR A HEWTER S, IR /080 vl L A5 B T AR O 28 1 5
s Rl L A B D S AT A T AR HEWTE R R, AL 3.3.4 i
Xt /88 73 AT DL 5 2 S R AL 3K A e R A By SR 3R AT 1 AT DL PR SR SR VP A

FESC BRI, e 7 0 2% 55 BRI X 2% (1 DL G PR A7 AR B R Xl o A B iR AR
B VT UG A AL 22 e VRO, T BRI B30 U2 % 1 ot P gk 4T DL o [A]
BEAERIER IR, AL 2R A — ZLRENLZ 5 T BIPIR R A v, BRER S
R — AT Ja i B A . (B E =5k EBD

3.2 FIRZR IS

T BB P AL (R 28 % LS HEAT A L, B e ML B AT
5 SR L AT (1o AR SCHR 0 5 B30 15 MR i S B T DT I S A
B RHEILRAE S 2D-3D AUHE B, T BRI A . 5 fr B S PR
AR AR B 35, [ 3-6 . 1 REEIALE TS, K
TR 2% B R P4 5 2 AT MR A AR AR E—E 22 5%, N T RIE 2D-3D 5%
EE78E, RISRECA R VTR 17 S0 AN S AEEATUC AR . bl T B B
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XA Wt B R BEAT ULRS, 1A e W B R AR 2 R RN . BRI, OB TR b
PR B SRR A P ST S P, AR SCAE R AR I P AT L i A B B — A KN
5x SIRERTIE, K 0 EHGAH RO, B R LS5 R B 5 ) R AR RE 4T LA
CEIX G RURFAEREAT XU AL, AT AF2] 2D-3D mii5 B IF45 & PoP 5
PR EIVATD A A

. i (Bhames )
3-5 A AL S R R I

SE LR TR R EUR B A JRARFAIE , DK B 48 2 5 2 i MR el Bh
B UG AT SURFAEDC S,  ATIIREXE] 417 EE 1 2D-3D sUHE B FEFI A PoP
SR SRS FMLIE] B 4 %o 67 24 o T R BB ARV DU 6 T i itk AT DT, 45 31
2D-3D sURHE BN T EABNLIE B AT S5 AR 4 BRI AS 75 ) S 1 4 R
TEHET 2 2] o A T i R BRSSP R, BRI SV T4 b, ik $
THENREME RepVGG-A0 ML 45

ERERPOILE
A4
—y—a—-8—)-%
rrey

RepvGG-A0  JPU EncHead

¢ in=276
c_out=150
kernel_size =1
c_in=150
c_out =64
kernel | size=1

JIEPSYEZS

K 3-6 BREAFLIEA LTV K

M T ERERSA I SEI PEEOR, BRUEAE sURFAE A BRI L, S8 AL 28 AR T ER B
WA E TN RIS EER, X AR IEA & B RIA R 580, JIF HEfs

W28 55 BRIER N 28 A2 S5 AT 3 — € OARDLYE o RS A SCREURIR ZR TR I 7 15K 58
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BT WIR 6D LA AR fELGZIEIR T R T 558

AL 28 1) RVREAE 20 SCPE R UM N 48 48 T BRER N2 I 25, FEAE RS yih, JEid
SERRIGIE 7% 7V BT R ER SRS FE B R o AR S0 B B B B0 N 45 5 A AR
WX 2% 25 R AN 3-1 B

R 3-1 TR L 2k 2R 4 h 22

eI S R 4%
R 28 AR
=L VALY CERER 2%
o RepVGG-B1 RepVGG-A0
WY 2% o — [3x3, 128]x4 [3x3, 48]x1
W2 = [3x3, 256]x6 [3x3, 96]x1
W2 R = [3x3,512]x16 [3%3, 192]x1
WX 2% = DY [3x3,2048]x1 [3x3, 1024]x1
EncHead [256,512,2048] [256,512,512]
EncModel 512 256
[ ESPNAN 311.4M 46M

R, MR N R KR 1% E B AR RN B R AR 1 T8 2 DL K
WX 2% J2=2 BT 6E B I A5 R Z N4, EncHead 5 EncModel BTG 1508 3R 7~ 1% 2 R 4
FaI 0T N PR T8

AR F AR 28R 7 0 BRER SRR AT U 2R, 78 TS RIS I S
$5 e HH ) RURFAE AR IS I T PN R BRE . B e T RIS, A AW
25 RE RST80T X 288 P REAE B RN B8 ), (H R 2P 1B 20 55 2 R BU AR M
28 3o i 2 > 30T X 8 AT B e e DI AR o R AL AR SO 2250 ) 24 5 2 A IR 28 11 = T
25 TR R AEREAT T R AEA, Lk AR WX 48 IRRAIE 73 AT b 1) 0T o) 4 2 2] 1921,
AR LT KL B 408 2% BRIV D 321 I 48 350 40 28 TR 40 2R BR . 1 2R BR 3
N ANG-4) s

N K
1
Ly =2 - (ogyn — login) (-4)

n=1i=1

ARPNERFEZ S ZE, nRoR ATFHIEE Z8L KRR TR e 7 A
TCREH, FORAFICER TR, yRARBUTMN SR 21 briifl 5 Softmax
PRIBAD B 5 IRFIE /04T, xFRon A 8 e fiE S HH 20 A 1A 5 Softmax BRI %UAb
S BVRHIE 3 AT o A SOR & JERHIE 73 AT 40 25 SR IR P 35 7 D945 2K eR £ 4A

FE RURFE T R D7 T, AR SCEFEE 2 70 RS ERR AR EAR, KaBi
FAE NI RO T IS 2800 o 9 1 A0 AR I 2% ST i 2 38 20T 9 2 0 KR
TERIHEIR , A SCREUE TR ZAE N SRR ESEBGH 7 B30 2% pR 2. 302k R B0 A
(3-5)F7:
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L, = ﬁi i(}’u - xij)z (3-5)

i=1 j=1

23y, F TR B AT 0T 0 45 B R (K SSURFAE (K158 1 AT 58 ] B PRFAE A
xRN BT A % BT B R IR R T AT SR ] SRR HEAE

g5 3.1.2 ERERM LA S 4R R B BT R R, 43 3
FIRZETRTTIET . EREEPI 28 I 2RI 451 2K R AUON -

L=a-L.+p Li+v-Le (3-6)

Hrha, By y NIRRREBLE, A0 — a8 RN GG AT )\ T ki
o I SLBERALS, AN SO E W AT T UOEACR A IR E R R[1,1,1], FUAGIR
IEACR FH BIRLE N[1,1,0.3]. FIRZE 1R N 25 45 0 B ] 3-7 o

B 3-7 SR ZE T 4% g

3.3 SLIGER S R

3.3.1 HUESE

ARSI RSN CIE 1A L @A Il a5 I A K
FEVIA YR AL R i B £ - AR S B LU LB : RGB & AHHLN S
Yotk 3D MR, MR SR ATILRAE R . SR 3D BN INIE] 3-8 TR .

@ RGB K&, ACEEX G NMEEARFDCI . AR5 St B
KAN— P . 18d FFmpeg TR, XPALMUREAT —Fb-+ w5 2Rt A7 Hihind
F s i) RGB &
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@ MPLAZER, ASCE 5K IR AR 2 DO B X i A A sl w0t
ITASIRE

© W 3D B, ASCHF RealityCapture 015 &40 44 BT #0458 AL AR A=
A EAH L) 3D A7

@ PERIRSEALE, ASCEEFERRER T, beicE A+ 2D K.
SRJEFIRT PP SIETH SO 5% B s A P L R S 2

© YRR AT RS, AR BRI BRIRAT 1 RGB E& . ¥4k 3D
A, Pk BSEAL AL 205 8, 8 CITIR I S0E T 545 31 200 R X 8
INCIBNCE EY SN

3-8 Wik 3D AR E A
s S o Il 3-9 frs:
R YA M & DAL o

B 3-9 Holn e n
332 SLIGIMESHER
AR, TN 5 2 A R N R IR B B R 3 322 s
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32 LRI E R

IR 28 24 FR CPU GPU BRIERS AT
NVIDIA
Intel Core
A 2% RTX 2060  Ubuntu 18.04 Python3.7+Pytorch1.8.1+CUDA10.2
15-6500
super

Intel Core NVIDIA
S 2% Ubuntu 22.04  Python3.7+Pytorch1.8.1+CUDA10.2
i5-9400F TITAN V

T ACH, BTN EE SR AR BT R 48 I R IR B 3R AT

FENGRITURTT, K HEEET )y 473x473 RN IFEAT Bl g o SArEdL, DA
BESRR 5 A A )2 AL fE A R i UG BT e . XTSI Y Bt 1437 = ) oy
NGRS MAREE Cnd ik — Rz 1-5 BoNIISREE, 35 6-10 M4 ,
BT S sh iR, AESERERMA —, GRBR RN R — g = DL
AR A ) B R

3.3.3 1FiEFR

AL EEAEH] T LU I AR

@©  ADDPHEFR: 2R A FL S 28 5 T AL 2 B e, 3D B AT, It
L2 B P B, G 3D REAY T (P R S AR S 3D B Y HAR
10%5% 5%2E47 LUE, 25 /T M 9z il v 1R 8 . ADD THE 2 5 G-7) s :

(3-7)

1
ADD = m Z ||(Rgtx + tgt) - (Rprex + tp?‘e)l

XEM

FoATR o F1 o 73 ) 27 RN Y TR S FE R AP RS o) B, Ry e 3 T R R L
S P I8 5 B P A o =

@ BERFEE (PSR TH proj #on) BY: Wik 3D #A 1
¥ 3D &L, Z3 Al B SE AL 5 T A e 4 52 2 2D S b, R A
[ -8 B, # PR RSN T Rr e i BE (T BEAFE, 38 o
N proj-5 Al proj-10) W AN AL THIERM .. B IRZETHEARWE-8)AR:

(3-8)

1
proj = — Z |IK (Rgex + tge) = K (Rprex + tpre)|

XEM
HAKFRAHNNZ, RIS X5 AXE-7)H—.
® £ CMDSP R IRV 1% 72 5 B Ui s M iR 222 /N T 5 JHOK/S B
VRNV AR o 1T R R SRV AL VL FE R Ja WK TS, AEAE P iR 22 5 R
TR AR ZZ A i 5 JEOR/S TEIARAE, MOz bn Joik W i AR B 72 P32 %
ZEH AR LS . LA S PoseNet Ol AR ELHK -1 2 e i £
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RZ (Repror) G T TFREARZE (topror) TE NP FEAR . R ZETHE A 2U1(3-9).
(3-10)F:

m
Ropyoy = — 3 220 Her (R, 5 RL,) = 1 3-9
error
= - arccos > T(Rgt X Rpre (3-9)

i=1

— i
error - Z || tpre
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KM Rerrorlterror Rerror/terror  Rerror/terror  Rerror/terror  Rerror/terror

Pt 1.0653/0.27 1.4226/0.43 2.3556/1.10 1.6971/0.53 1.3304/0.59
E|=5 1.2185/0.34 1.8474/0.68 2.4449/1.08 1.9098/0.59 1.4520/0.59
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e 1.9445/0.63 2.0414/0.67 2.1287/0.66 2.1211/0.70 2.2993/0.71
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