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Model on VR Controller and Pose Estimation of Adaptive &

Heterogeneous Sensor Fusion in Indoor Scene

Abstract: Virtual Reality devices can provide users with highly immersive and interactive
contents, and the usable Virtual Reality product must be highly real-time and stable.

Based on the demand of Virtual Reality 6DoF positioning of indoor and small scenes, and
the goal of heterogeneous adaptive sensor-fusion algorithm, this paper studies the VR handle
with “Software hardware cooperative” positioning system and its algorithm for the whole
process of consumer VR electronics design.

In terms of product design, this paper studies the VR handle standard of HTC Vive and
OpenVR interface, proposes a serial communication protocol between the handle and PC or
sensor, with implementation of Verilog, and also provides binarization and FPGA accelerator
scheme for deployment of positioning system’s neural network.

In terms of positioning system, starting from the description model of the sensor, so that
the sensor-fusion of positioning does not have to rely on the specific sensor characteristics, and
incorporates the passive accelerometer and active ranging sensor into the model. About the
algorithm implementation of sensor-fusion, it adopts the popular neural network architecture,
and creates “Active Connection Method”(ACM) to generate training data in real time.
Theoretically, the positioning system with ACM can achieve an self-adaptive and “plug and
play” performance for heterogeneous sensors, and the ACM is universal.

The processing time-delay of the final FPGA positioning system is up to 80.64us, which
provides filtering and sensor-fusion, and support PC applications to request
positioning/controlling data at a rate of 12ms/time, so as to meet the requirement of modern

Virtual Reality content for VR handle.

Key words: Virtual reality; Sensor fusion; Positioning system; Online learning; FPGA; Pose

estimation
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BTHAERE, S 0RFRBRACEFSLFH (FlwEFKR 20 R
AL(HMC)F & 3% 0x77, ASCII 4545 w) i if COM7 & B DL 115200 B 45
RR®, FHHREREEERENAELEEFT.

2R _E Vive Tracker 1€ % HID-USB % % % % ¢ HID-report (#f %) 1
PC & H 448, B T AR REE 1 5 4 K S A ¥ A X 87 Vive Tracker HID
R &R F IR D, AR BT E BB IR 7 % 7 XE OpenVR #134,
Z W UR R A #1 DRIVER_API Sk XX # # B9 4% % 2% ETrackedDeviceProperty
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X TEMTHA VR R& R IRE R FFmE, KX E % %E UART-USB
WEWEE&HR A, LLEYE OpenVR £ H ik & 8 HAr k.
122 VR B EE# HHEREEE BN

B B, 38 2R #8 € B A R B R BE, 8 BE 28 1 FPGA Y Verilog 434 523,
TR AT EEREEF| N 2T, ARITHEREET QR MERE:
ADXL345 5§ HMC5883L, FPGA ¥ sy £ (FPGA 8 4#>100MHz, f%
R X R A7 1IC B 4h=100KHz) XFFX KRB E MR, T HE 4
B

4 N

Bgws AR REEE {TETER
B5
(RS :(> .-FIFO
\ Y, BT~ \
=EL
(. N FPGAZRSE
By [—AA— REE .
HifFE
emE >
)

.

&4 FPGA LI e ENEREEFIRFHELETE

FPGA U REMIC BEFEEXFHRERFEREZEE, /2
KB 5% 77 2| FIFO 9, FIFO RERE, & EHIEH N\ FIFO H B & &
RNBEAE . Bk b, FAE R BN HIE A E — > FIFO # 3k,

FPGA B B4 0 MR e, DRIEEE B RFaT4r, 26
{ts1, tozs Cspi} T s tsq, Esp 2 AR A BB 40— AN RABE R BT BT, £, 2
AL R G A BB R BRI R, o /N Tty tsps WA REATIX
A RBERFEAHZE CREITFAENERERRERNRMEL, &
ARty ty B K HEEHREIX A RBEIME, RE s f THENSF o4
WA, B M pes 1 55 BB BREN —, 3 B tres Mgy, tsg) topr B AN K R
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tres < min{tsy, tsy, topi}

B tres T BB K Ontyes, tsy, tsa T BB 2 B Hentgy, entgyo tgy, tsn B
ERBTHBHEXZTEAFNCE L EWRBERE . BT cntyes b
cntgy, cnt, MK EHR, TURGERELE S BB ANERENEFIE
%%%%##ﬁ,u%ﬁiwﬁﬁﬁﬁﬁw,wzﬁgw&%Tﬁﬁﬁﬁ%
REEFIEGE LA, dMAEXRFIRBEHREN,

AXERBRH—HEHAEEXRFRETENEEALIREE L. ZIRK
Z 3K FIFO 1012 W 812 R B HHE, IR HEWARE FIFO ATi017 & w1 FY 21
MR EELSRERBZEZNTXATHE. flim, FIFO #HHKE A
Valy, Valgirye ), MEF EEHATH R BB Hitg,, MLABRERBERAKR
W A Valranye + (tope — (0 + 1)E) - TR 58— i b iy 4 i
WA FiE. EREREEIEZTK (o, to tes tspJEET £ B, XA
HEREAFHRRESR, LABEER, BREZLANERBIREF R,
1.3 VR #4548 (F) HERT %

% % Vive Tracker 77 & F #1142 B #y VR FMix 5 Vive 18 B2 2 B9 4 40T,

Vive & B 25 N Bk B VR SME 84400 :

=
WHE AN & E
K k2
RN HBAERA, 4
0 TR 25 U =
M EE XM ABRINERZ 0
wF#  0x01
1 g
ZopdE 0x02
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X e 0x04

g4 0x08
FREE  0x10
FREFHET  0x20

Y 0x40

E  0x80

2 intl6 1E 3% F -
FR X 1B
3 -32768~32767
4 intl6 1& 3% F :
FRY B
5 -32768~32767
6 WAL JE uintl6 &% H :
7 1A 0~65535
8
B2 AF e
9

% 6 Vive IR B2 # Sk 09 4 45 A1)

RIBZ o A AT, REITH VR F41 & (VR F) EXEFERM 9 F
HEHF R, 9 FHEL 72 thAF, HIDEMI SHIMIZUUSIE) B 58 R BH, Mty
B 4 AT 22 P 24 ] DU ok B B SR AL B AT (8] . BT USB2.0 43 17 R v L ER
H7 B & E 12Mbps BHEFE, FHFNZH KN 12Kbit, TR UL HF 4
b o B B3R E . BT RO R R R 1T AR E 2.96~10.30 ER A, [
i Vive Tracker 7 & F M5142 & B9 Vive Controller 1% #r 3% 457, # 7k 1] USB

ZAT B A B /N T 10ms, H T VR #2628 5 VR B # o £ i F K& AL
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B E B, AXITH VR EFSREAFHEREN 12 2P,
1.3.1 VR & (F48) #wea 5 JoH# B 7 &
X VR = | g e 4% 48 B4R A7 B, 5% Vive Controller 4% 52 77 /7 [ :

0‘ - _—:A\_/ "’./\—/’z
|/ —- 9 rxl |'|\_
— 4= 0 (o] =
f (5) W‘ =
o H—o
I

1- Menu button (Shoulder)
2- Trackpad Left (Face Button 4)

3- Trackpad Up (Face Button 1)

4- Trackpad Right (Face Button 2)
5- Trackpad Down (Face Button 3)
8- System Button (Not Mapped)

7- Trigger (Trigger and Trigger Axis)
8- Grip Button (Gnp1)

9- Trackpad Press (Thumbstick)

Thumbstick Y

& 5 Vive #£# B (VR FH) g4 mls
6 Vive #HIB BEHT B, A A 30T S0 R R R o B
AR

g BRI RE i AN LI T

P IT %
1 5] R A

R EWNET iz
B4 B R EBAR

R AR EY LA B RS JoyStick 1%
2~5 | WA EGE, EE R | SEE, WEE | KXY HEE
THEH M., BRI B W& o i 5|
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# Bk B B EAR
T e T K
REIEH, Hwe biob(- gz
6 A5 2 A
i AR X izl
Bk B BB AR
HMO0810
I,
WALGE, # % B4 R AL TT
7 9 4 1Y WAL
TR 04T A KT L R
W%
=R
s, &% T . T e T K%
8~9 |E &R, &Y | EX-FEHE | W5 ML A
ou VAT A Wy % £ BB B EAR
JoyStick 1%
(B 7 fo 4 AR B9 RERE J5T R
7 T E
10 | BRZT, ReRAL | WETE, #5558
=0 g B
BEHY A @ AT A BA
CEI=R 31
Wi, % TR Tk Aot IT %
biob(- gz
11| g R R 38 %0 2o A5 2 A
izl
WE 5 Bk B B EAR

k7 VR FHEEMN R, XL

ARIE i B FPGA LI =G H A ER 7, B EEE 1 5 £ 5w iy 33 31
PR, $Z 52V PR F A I, X 3242 button[7:0]89 B 3T I 480 & 7 2 key_r
JEx R —AnAn s =3k G, DA 3% 8 B Y i IE 51340 key_pos 7 key_neg,
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A R ALEY A 3T # 98 % 77 22 7 button[7:0]5F & /& 12ms 5L #AT — K KA,
AR D5 7 & 90 IR A 5 T80 7 DA RAR S 3 i s R (9 7 K

stablize:1
| 4 N

rstn I {>O o) 1 %ﬂ
o | o gD>—"0g J
key neg1

o] key neg

clk C

and2b1

q D 1 ﬂ
D IOC /
key pos1

o key_pos

button(7:0)

gnd
il

XST_GND

pressed(7:0)

stablize

K 6 42 £ Verilog RE K (#3k4: Stablize)
1.3.2 VR ##| % (F/) 5 EH3m@ A
WARZ %44 B, 17 B & [1]89 Tracker #Y & O 38 T = AL 3% 4= % ¥ 45 2

Controller & & 3# 11, £ AL 3w 3= F 71 L

g gEA
X 7 Y 7
HiEwma | HAE R
I6] 4 AL L 1] 4 A i
i 1 i 2
0x7B 0x5B 0x5D 0x7D
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{ [ ] ¥
% 8 Controller & & i# 7 F AL 3 1= & )L

JA AN ¥ (int8 #0382 &) 7 LA & 7R Controller # [B 7 At 42 # X,Y % A 77
S B ENE, BN URTE M AER Z #or LR E, K
1#%4{1,6,7,89,10,11, Z}A — A~ F 1 : |EFTHRALHAT R, HETHR
AL AL 2 47 B 1A, B A%t %¢ Controller 41T 5 = #L3% 28 L8 B Y WUk it .

BFIE, EUMEEERARS

LRENMREHER, I LEREFERE BWHKE LRI R OF
WA, AXMENETRIT—MEERFIRREEKENEESF T 7
2, EXMERBAHRUTAANEARG:

(a). BB, 48748 N\ 89 K fo A o A5 B2 M i A L3 AT AR AE R

(b).FRE R, TERERBOKEALALMHE B LHAATRENIAL

A

Zu|

BRXNNMRENTE-AIMAURTY, HWREARFNE £ uH

WM F5, A
S = {s};

EFSEFGAXHFINANEERE, X—HENTERECRERL
HREAFRAR; (LhERTREBEFEIHTHRAE, %= {T|j € N},
HEBETHREME,

WHRHAATE REAWEE NI M A ($#9 A/N), Bubeck F Sellke
W ITAE R, PR E—AD SZEEFH N MIEE, FEN DA
FESH, HAXR I — A5 HMARENE, URIEHENEHAE
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RBGRENEAZRNERBEASEN
TEANBl, 15 RRE 7 RE “FRERN” Rk B RA RSB g7 UL
P T IE AL

( FREO: $=(z,x,y)
HR#EQ: §=(p,w,0)

{FEREG®: §=(10x,10*y)
FERED: §=(0,7)
B = (xy,2¢,0,0)

Hbxyz R HERE, pubRTRE ARE, 7RI R B NTE
BUTH

RERBAWENE, FTR-ALENEREBIAEREO-DX &
LB Z0 )t R, R RS TR EE, B RS 6,
T RSO A R B ER 2 A A RBAWE MR, REH
B A B Ut B S R R AT T, B RN
i

HRE RN RN — M BARDE, b LWENE B &, 2
SREBEAB Harg@)], BEEINERBRAL A0S, WBdHDEY
BB REANHAT |argG)l, ik BREAY 6, BMEFDETRT
#:

I
Encoder: Layer (input_size = Z |arg(§i)|>
i=1

— Layer(output_size = 6)
W EXR BT SHMIERKE, Rit— A5 HMEFF, E5%

BH AT larg (S| XN A, f#E&Encoder ™ &k x A — /N N2 N aE 2 H
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REF TR,
I
InputLayer (input_size = Z

=1

I
larg ()|, output_size = Z

=1

jarg Gl )

I I

{ N X HiddenLayer (input_size = Z larg(5;)|, output_size = Z |arg(§i)|)
i=1 i=1

I

OutputLayel@D (input_size = Z

=1

\ larg(5;)|, output_size = 6)

PR B S MR )| 43t A2 2 #1047 MiniBatch-Training B #I 4, & —
#ANA N ANBIETH T Loss, FRAE Loss R HEHEH L E 54

b R UL LR T &, mAHEERZIN AL REEERE LS E S
B S A7 B Tz AL R i R BT R BN R e B ok, TR — MR 209 B AU
T W R T RS BB 618, NARE SEFR R B9 R 2 I 2 B W 8t
U, RETHRIEASEUNEREET EFAERSW TR, ETUNE
AN R BAE HATE RN A — R E A MR E, U a4 W 408
B A K

AR X HI M5 Rmh b 77 ok E e B A B R A 2 R AE AL T A R — AR AR,
REEHERF, TXWEREERARRXWEARGEANZC, 27
EXFIHBYNEHENL, BAFPREMENENERERETHRTE.
REE IS,
2.1 MR NAREAE XA

AR E A EEZ R ORETIINEREERAR, NEHES
FEBAWIEREMR, RERABERMF N AT RSN RBHFER
Bih, XWEARRITHEIHAE. UTH AT ERUEA. HERAEEA
LR 4 AT R R B A0 W 4 A8 R R 1 RO
2.1.1 W R UBE A RIA
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BRUBER AN ZEFERER THHEXTENER, EXx—E XA
T HERABAEHARE E;  Kronisch 2 U8, &5 B A (EBFE A
HTHIMATHEGUELE. BRTEA UL AH KX TREMKE TE, ®
FARLARX, BERIERNRE, E—RABRTE (EFERIF X
) PRI E T I R IRAR, TR S A P R AR
AR AIERANE EH B R EH S

RAFPeERT ATE, FHib, AR ERABTHRR T 3/ P88 R
%, Claudia etal. & IAWFTFHEH P RE A XX T4 B — B
KBRS, I P RBE X R AR RBEARRLT M RkEa, FF
RIAWAH R LS (Flow “HFREHME” 1 “BERF+ERT) FAEGI
F R

)

RHE

PEtEE

wirE

Bl 7 R P 2k A An i XK AT T 4 R B i St )

T U X AL B9 9 2 T & %1t 77 H , Marlena et. al. # 1 — & 44T 37 89 XK
TEURRENFTEXRTRNERREFZHET N —AMELFINAE
J 9 7T BT R0, Blohm et. AL & 3 345 By X o R TR LR R P AT A,
SEHLIT Rz F AR 548 3 p R P, Strmecki et.al 893 3% 2K 18 X 7 4% 5
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App AR 520K B9 3 T AR 4 e W R B — AMBE . ROE i R AR E R AR
JmFE, EHRERNBEXTERITEMRITE TEEERANDL. ik
TR AAGUR R R £ Bty ik E R R THEE A A

TR BR d — BB AT P, R SRR N E S, &
XRPAT AR EERAT (Flad AT T XASEEREO TG0 7x (X
RILE R M EHL BB F):

ST S e —

MEIRE B e e EXERAR P IO

FRALET
O HbRRR

Al 8 T B AR BB 1 5 A AT 3T A2 124

TR ACBIALE] T 7 B, Knutas et. al. # 3 — 22 F X B # CN2
AV 4 8 78 P A RO R AR D) a st BUE R LI MECR R b.JB
AAMEEE TR EF; ciE “BRA” EEHEXE0% (FEW
YIAEIE D ; d A S By S0k L

WX NHIEH 77, Villegas et. al.#2 H 2 T % AL F A1 T R ALY
KRN — MR E T R M ik, AR T EN AT
BRACHF PR TR 54T N ALK B 8 7 2,

T2 95 X A A 8L 77 T , Haworth et. al. ik 4728, 2 #7311 & NP & 7% 5 #1,
185 56 i A BT LU 5 3 A5 MR AT 1R BB FE IR, 5 5 B AT ] BL B9 A
HE R, IHHEFANGREREN—FELXAE L2 EZAR S AR MR,

AR R AT L AR AN A L. fE 4 BIE, Bayas et. al. BT T # % AL
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HARE App WEMBHENF P, REAFPEENKEREF 15, E
REMMEERTFIRENBRRERBAZH AN HE TR,

R, REHERNUNE R TEREEALIEN L TRRELE,
58 A Y U 3K A AL AR BT DAARARCR R R P B IA e VR, PR AR R SE R ME AN £ AR
BERWHKE. FEHLMERA P WIS ERAL FENXLNF R X EH K

FERMERAAFFRR2EEZNA P BRUATAEEN “BT”, 3
SmA—ANEER B R ANE i, B P A EEE LA AR UK B
ke R—ENEEE, BERURCHEXRETRER®FE . &L
AT N BB

ETXHWEEEERAT, APl FREEE - MERRBRR. EiE
H BB FH R & (Translator) 7845 8 7 g KL AR B2 AL 2 045 Y A0
RUAF T, #ET EHERFOMERESE D, FEHERT &4
Tk 3D B FEad, XTUARFP R0 X EE ANRAERERT
AN DRI
212 BEERABLSEEA

¥ ¥ A @ (Crowd-sourcing) A& & Bk X futt &8 AR B R4 A By, FRELA
T4 REE vk P 7 09 )| 2R 398 1Y S o A T 3 BE 3T X B0IE TR B9 48 R SR AR AR
TF & RPN, 2 B b A Ak BB AR 1R A B0 R BRI IR Y B A e [E 2 AT
#.#] BioSharing 447 x & 1 4 47 R 4 10 KBV, A5 AT Y T B Ax
L BCHE AR AR AL A 0 FE BOHE B Bk L DLROA L B A A R E TN B A
20331, 4T 4T3 B K ] A 8L 3R DI R AT 1115 R Ge i R 404 SO 408 3F
25 BT 0 7 75 T IR B A L MR A O AR ALY
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EMHRMER L, BENCTFAZKE: BREE. WEEMAE:
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JEah R || REEAE || b s PR
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g £ )22 (IR 2% | SEBTRZE | THETHLIM S
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e JEHZ !
[ EfEE . A8 PR ERNERS |

B9 BHE A B IR AR B A B P2 K R 4o B (PO

R ERESNMBHE MRS, EERUNTEFEERERERE; W
BERRMEMBNHEN XL RE, BERWERELATRG., ME. £,
MR E&FT#EF 5T R A WIS AKEN, Ak, 2%
TR B 2o B R BB E RO

ARBAE BRI K AR B AE R A A f i, 2T ZERRREA
AMEEABHEESATEHALER. XAERENFREPTLE, AEH#
BEEZHENLREL AN THAATT AR

ZFAME, 2% RT ZHICHEHREF TP, AN L FILREF B
BAF 2N E AN B AT IE P BT AN ELATE, ZAILAEHERT EFITA
BETSHICHEEMAE, RELWTELE S EX A BRI BRKEN,
o] RRARAT E S M LR AT VE 2 A

TREANNFAPIETALACFENAREFERALELE =A%
fr: A (SRESRBWART R, HEHE CRAE), Z4E (FE

X3

31
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FFNCEIR

FARE
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A 4
BfNE |, it RE
#HiE SEXRE TLE=
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— MR R AR R TT k. R R BRI E S o RS TN A&
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ISR AR B3R B 20 A & BB AE 5 8L, A OSUHR B9 B ok IE 2 & T R BB AT
ENEFUEBH AR, BARPTXAFTER, TAREHA—FER
MEENATERR EFMAZMET, SFURAERBEFTACLE, BARL
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2.2 Wi A E A KOS R A
AXFRANGEEReHEETREMENEBEE, AP LR F X
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SAF P HF &Rl By Y K= B 00 3, W= (8] & 20 AT AL FE (R,

X FEAEE R MR AR TR,

LR, BHEERARBINZ U FIELRE, REFEEAT
BREEERENATMERPF AT ELXATROTY RS, EEEERAL

Bit FAEEA—F—RNEERE T ENEA,
2.4 ARG R AR

52 b W] g AR AT B R AL R R A B O AR B R AL R G, BT
WA AR B SR B T A A T E 0 AR 2 A DURR R R B TR AT, DA
TARGERERAERAXNZMRGHEA, FETZHEAL E—F Petri
AT A B BR, B B AT — ad R R KR Petri A AL AL A H

5 BN, VABHAIZ AL R G R R
ENERG
| I
RS BEeEsE
'é.f}i =8
| I I |
R S BeniE || EURRE £ BENE | [ EEEE
%&%‘J EH| HigE RE RE RE ®E

58




A 25 ZAL A G R AR B KA

WEAT, RNAREZET S AFANGEESR: ERETEMRLH
EEE, CRECEAFEERBHREAN — R R 5 HEH (BAEH.
BHAEED ARG ERIREE AR F AN EEEERE; A ERE
BaEERBERE ONFREIENTEF AR, WEWEEM A S HEK
B, FHEBRE (WEREINEKENRKERRD).,

2.4.1 FEALZ S Petri MR 517 &

EAL R G0 — A AT SRR A AR R M B R A B NI K A G, [T LUK
4 % H R I LI Petri FIHIRE AR SO E AL R G AT A0 A,
SRR b, HE E AL RGBT R B FPGA BE 4 #9 Verilog 2 7 % it L 2 8 B H# £
Wy, £ RS A TEMYE FPGA A4 F 8 (&%) B FBA 4 Petri
A% A B e Sk . [, Petri PG 0 M BR 1 55 B T 2 52 R AR 14 1 45 R 14T
REAXHANEREGE LR ANEBER N — 2 ik,
2.4.1.1 RALASGE Petri W 4 i1

Fl Petri MR EM ARG FELEAMETENEMR S, MTEKXE
Petri P38 K BB FAt KRN, REEM AL T EENE AR AT &
FBH X REEEE R RREEBE LR,

HAXHEMR G, REIRETMELE: A ERERME 7 RHK
EIRHE XA RS (—F P BRIEANEEE-NEHERLE) L dH
ZNEBEGR-MHEEEEMNGE, RUEEMLAANEESRITLFN
HEHMEREBES, TR A THE 1Petri K E .
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1S5 &S 2SS i 0

EEsRET A L y
5 g:>
EEE

AR e

it £ 1

WL Pod £ i

K26 R AGETHeEnI4E “E- 7 Petri B

Wiz E TR, “BHAR 17 An “EPeR 27 BIREH, TEAGREHAME 1S
2 SRS, R EsRE RN EHAANE, B T
ARG ERFIATEFERBEA BN T FAENTIAE, ZH ERARLIC A
MWL RBNHE, MEREIBERZFLNEC AL 2 M4,
RE VN BREFRBEAMCE; FRAEECHZFFEL UART v PC #
ERAEABEFFEHZ A, ZLEEAHEORS. LEEIEIIARAAS
X YSELXAREEIT, BETTRELNARAWEZES R, LABEE
REFEARMEE, WAL XREMRAGRE LT AN ESE, GAF
AREHFBEBHEEST EEHNHEEQERINZNEESFTH, KX 4AE
Bl “BHEH MERTRET —KWENENSEHEL,
2412 RALA G Petri W {7 3

A Kl LAAS/CNRS FIFA 89 FFJE 2 ¢ Tina % #| Petri M f2 ¥ 1T Petri
MTE. HEEFRRA S HENEHRAT, WHETELHNELEATLTAHE,
W 4 2 ) F HOIERE AL 0.0~1000 K FEEREGFE 100 L, & THE
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FREREGFAMEMIHNEFTERAT X, BT R A RTL 10,000,

30,000. 100,000. 175,000 8] & By A HL1E 0

delay (— dd delay —— da
0.0 min| -1 | +1 | max 10306.0 0.0 min| -1 | +1 | max 30304.0

ensorl  sensor 2
param_update
sensor_buffer e
ose.

Fle Mode Help [w i< [« <[> [--]>1] Stop

delay — i date]

0.0 min| -1 | +1 | max 100767.0 sensorl  sensor 2
paran_update
sensorl sensorZA/I -
param_update
sensor_buffer

k9 EMLRSAEL 10,000, 30,000, 100,000, 175,000 Bt 8] & #y 2
B B E N

o 9 AN B B B 4 B U T T, AR BURERBHRENEEX
MEHHFEER IR, BECINEERE, X NREHECR IR, XF
MEFEEARBBRIRE, 2o A RAWKEEST 0644 H 58 0 542
G ENEE

A Mo w3 S B4R 1 i 3 E AL E N E A B FIFO M3k, 4 x5 &
BABEEA-AEFWERSZ, HEZFLA—A FIFO, ##E LEXAF
FAEHN N, UEFHELRAREERNNFREREMRE DR, F
AR RALR G B AR UART =25 i, 1B 52 PR £ 30iE @ % el £ i 2 7]
$ W, PC 1] FPGA R BTHE R G K EWF— AN F A H A 15 KA AL
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HAEEHN, ERAEHELRERSWIEANT BF B
BE=E. EURFEHE
RIAZHLERETEMNRGHAENAL E MR AN ERENF
HEE, RFMERSEEGA RN E MR RHE T ERAEE L7 UK
ER AL R G el F M, 4077 FPGA 3148 LR B A7 4 W AR 3, FHRIE X A
HEREFTARE, BRERFEHHEIZAT, REEMLRALE EBAINZ
5 2 6
3.1 FPGA 4 W 4 fn 3 F &
WG RRRE TR F R et R R
RERF, FHRIN CPU BT UHHARMEUFEMERNLEYT KT HE,
FRAE W% mik £ B ASIC,FPGA,GPU = (% B FEHATY E.
HPHAFPGA R EMENEMEEES N: EAFHEAETENLERE
HIER, WAHKIERE FPGA L#1TIHH; £ FPGA L& E SoC HItF E
A R G R B 5 SR T A T R
# & FPGA fm# B R TR U T 84R: ikt (RBJF 8 EATIRAZ
AT Bt (8] 36 FRAT BROARIZAT B (8 B OB L 23R (3 b 3 A0 FE 3 m AN H B
FORAH 2 (KB B2 W B 18] 4 [ e g B iy B, 4B i FPGA R 4 A
HFERA mE A wEE R ER, AREERRE. HEFTHR
. B 1 e AL
1. LB F 3 H ik R E AT A A& & W 2B O i H AZ (Kernel), *f
WHEAZN WA UL R Ak EHE
2. MBFIHERAALM: TULMARENLEREKEH, T
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K E EEZ R NTEMMAC), AR £ 3 H &% B & F B8 &4
3. MaF I FENPATITF. BFRS S RAFHELRZITEER
KEERMREREELE;
4. MGFAHEMEFBRUERARNE VO FFH, TUASRER
By 77 3 I8 AR 15 AR R
Plim, —FF & Fed8 4 F T HAL+FPGA fmk £ 56 5 o 22 4 5 U7

ARM Cortex-M0 #8232
| T
I AHB-Lite I‘I |
- s
¢ A et |
wems | | sEE% | FoEgs

& 27 & Zeds A E T EHLAFPGA o % 28 5 X By — A 42 4 147)

A S AT E SR AR F E 2, £ AHB-Lite & % b & H#48 ifo
BRI, MEBERATREH, HEERFEFR B AER o7 R,
7R 25 ] 2H A A TR Am g, WkUE B BUR SR A BB TRAL B A SR, FPGA /jp 3% 25 4
Bl AL 3% R 3k 3t ARM Cortex-MO 7= & By 35 | it $E 4T AT 1+ AL EE
Hep, B aRBERKREZE, BEREERA W2 T Kbx + cfr =
[ % T Kax? + bx + c#l4 Sigmoid B f(x) = —=, RAFMELILS T
AHH, HETANERRGAFTHTEHETH 32 LA, THEAEF
BB TR, & FPGA B A&,

% 5 0] FPGA #Z P 48 m ik & B 2 Z P 2% (LB m B E M%)
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W &M FIHARRAER, XTANTETSFTERN S ERBH., £
WEE . REEE e TR SRR ARZIW, mETE It H
A S (8] B9 e 3l [ 51U A £k B AR SE LI,

FDg FDS NEURON 0
10
D Q—D Q— »  aux
THHce | Hce - > bias
J 32
> D QH»D Q Wo
32
w
H—CE CE 7 o
2 ) Y
x| +»D Qf»D Q Wt
a .
3l SH—CE  |tHCcE —> o
w "
Sl +»D QD Q g i1 RDY
H—CE |{HCE i
: FDJ, FD) w2
: FD3,. 1 i
Lo aH»p a d
— ND
| —CE |{cE
FDg FD, NEURON 1
10
D Q—»D Q ~ aux 1
. 2 ) FDou
H—{ce |—cE J 4 bias D QY
a2 1L
D QD Q - Wo CE
w.
H—{ce |[{]ce 7 > W
32 ' Y Z FDJpge
x| ¢»D QD Q Wt L
w
8 . X4
1 ISH{ce |{{cE > g
w .
° t+»b al»d a HT ROV
H—CE__|{-cE o i
: FD, : FD, w2
> M- : 2M-1 |M1
D oD a -
ND
| et |t]ce I
FON? PO NEURON N-2
10
D Q—»D Q— > aux FoN2
— 32 . M
——CE — CE J t bias D QY.
32 >
> D QD Q > Wo CE
+ w.
H—cE |[tCE 7 o
2 ) Y
x| +»D a»D Q Wt
o
Lol SH—cE  |{cE > o
w
Sl ¢»D QH»D Q > iy ROY
H—ce |{Hce i
FDY,i FD, 2
- M. : 2M-1 iM1
N D QD Q -
+— ND
| —c tce
Foy" POy NEURON N-1
10
Q—»D Q - aux FoNt
— 2 . M
H—ce |—cE J bias D Q> Yy,
32 >
D aH+»D a - Wo CE
w.
H—CE +— CE 7 o » .
32 | Y FDousq
&l ™D ar*b a > Wi —
3 N Xn-T
Hol 8 ioe_JHce ig
c| 0 alpp @ —* i ROY
H—CE |t-{CE i
FD| : FD, w2
ol ok > img
L’ D QD Q -
ND
ce |t]ce I
T2
cu1 cu3
DPBRAM SEL
2 CTRL CTRL1 SEL
— DOA ADDRA ADDR OE —o!
ACT .
b2 DOB ADDRB < RYBUS 1« ?
ADDR
B CTRL CTRL2 ND [«— ND
+ { SEL RDY [—» RDY

&) 28 E {5 4% B4 2 W 4% FPGA #n ik 5 #y )8 2 [&] 150
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— MR E W% FPGA i &t REE LI 5% Zbigniew
Hajduk 8 T/EPY, g EEF WL, & T4 D Ak % 55 3 & 2544 B — i A5
BT HER, HERETREMIARAE (BRAM) 35 H B IE U474
BHANEEBNE, NEFTEAZWETES, §METITEH T
JEE— Ly, =YL 2" vy, KMPME R HEARIBOUFFEBARL
KA AF Ry R E B

FH ik, FPGA AT LA A A WL WM I E T &, WA W %0 EREHM .
REH F A LU FPGA F & E B X L oA #5454, [ Ik FPGA 7] LL#R
X FH 5 A L P 45 A B B R A A 3 A
32 —EMAENE

A SRR BNN (Z #4442 W4 T3 QNN (B E W4/ % S5
WE M) %I FPGA LMMA W%, X 77 Er EEH % ¥ 5% Bengio 1
Rastegari #y T {EBUS21, 3 3 Ax R A Ewkom 4 —Er9{0,1}y B {—-1,1}y
W&, HEMETEW «x. MEBAKLF(C). BEREFConv (). MAE FPooling(+).
J3— K FBatchNorm() &= A M E 1, #HUKFAHRE AHED A
“EHERKE _EWNERDYE BN REDE, R RARXAZHITR
REFEIZE (£FZXnorFBitcountB1E) HIHE W%,

R EMAEFES FPGA LI, FPGA EHEMHEM EEE R &
LUT A 4# SLICE [%%|, % %& 3% Jf#% SLICE 4B, T LUT & SLICE %
KT AEIEE W E EE S, LUT 4B Lookup-Table &% %, AR 1E E & oM it
BB —A%R, FPGAJ B A% XA 6LUT (6 A 1 i) B LUT %44,
FM 23 6 N 1 v EER, EXHTWEX LRET UEIH 5 M EHT

65



531, ¥ BNN £ Z & [F 5t XnorfiBitcount# 1€, ®i#& ¥ LLEHBH LUT %

AN, FEEAUXKLUTHWEBHEANEXRKENE 2L,

shift_en

input fmap (For AlexNet)
XNOR r )
i output
(BWiy bits) o (EWoig THES) | | P
— | Popcount | I
weight Accumulator | |
I

K29 # 2 Z A0 E P 2% B0E R Y
EE®EW FPGA BA4r4&EH L, AR EWN [ F 8L Xnorfr
BitcountHEF S 2% N Levin i, Bt RSB FFé&, HEum
HRGERBOF R A RERLAWE REY, AU RE Ry =9 — bias
By x £ Hr 124,

input . e output
) wlul) s

& 30 — 18 k442 W 4 i BatchNorm J2 52 315

M round (Iog2 14
o

Shuang Liang et. al.#) T { % ¥ 45 BatchNorm /2 # 5 {4 4 $C 45 7 ¥ it
4, BatchNorm B3 —fLE, y=SL.y+ gk A —LEMRHET,
W Epf bk £o BG4, A4 BatchNorm 27 &7 H: fop+ 2 #
round (log, [£|)+ 7 IE #1 % 5 sign (log, |E| )+ mfk B p ity 7 A X 48 1F . 2B 8L
B R R KT — Ly E RS — EAME BRSO OETRARARS R
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K., X F fo(BatchNorm()), *f .43 —F[-1,1]KX 8] 9 % By K A #0E BB
HOst AT LA D BE B R R NS R K, RXORR SR E AE 2 Uk o A E BA & 3E
GECREEP

% B % Umuroglu et. al. B T 1 “FINN” ], FINN £ 57—/~ % & HJf
JR Y 31 23 DNN-FPGA 7p 38 AE %8, A48 W % Theano X 25 2| FPGA % %
ZIH FPGA-BNN R, XFEAMHENLE N ETHEREFIET, hREH
% 2| FPGA E#xF & L.

BT AW BT AL AL B AR X B A2 &, IR 4 BatchNorm JZ 7
Linear 2, F&WZZXH BNN WA\ ZFi 2. w3 odsr
A kA e e T B AR R F R B AR L,

— e —— —— —— —_—e o — —— — —— — — — — — e —— —— — —— ——

r
Encoder [ | Decoder

_—— e ————— ]

Bl 31 & S H A W% END A % 5 3 = 36l 40 2 W 2 091t H 45 1150
X B 5% Qigong Sun et. al. iy 4 #F £ 25 1% 1100, 4o F B TR, & 2 Atk
Ut B L AR RN Axy, BlinxtF 32 e fdk, RLHEHNeL,, HEAfx
AREH 32 Mxp, x =Y 0xx;, WEWEREAMNAHE. FEE N KA

32BitEncoder 4 #, Qigong Sun®®4% H F| 1F 52 B 4% 45 14 5% 52 FL X AR A5 25
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( 2M—1
oy (x):sign sin< o n*x) ,m=M

MBitEncoder =
. (2M-1

oy | —sin mxx)||,me{12,-,M—1}

\

om
BERBT M-, A B LS E R AL R — S E(—1, +13, B IR E T
B8 W] K JF R % Sigmoid () 5 ReLU () £ 3.,
DR BN EM BN E, EGx, xRy, T’ A B E R
Higkf, Rl —AMMEERHKa ¥ R EE S5 Hy,

IR R T SO R W S R ) BRI A W, RARER S A
FPGA ZHF R WAEN BN mMEEL TR MEHFLE, IHAY
FPGA F#E R H ARG E XN E WL E R T £al; H HF EHFTAE
JF4F FPGA #1385, FPGA WA T AENER KT H TR (— 16 BA
ERETLISANERTNERES) rnEeTHEEtH, RAZHEX
RAE B3] UL 4 & 1E FPGA B SERF VAR 3, 26 5 M R 2 1 2 Gt el (K i
JE % 7 L 7 K
3.3 Z G AP LN ET ALY

AXMHEMAFRAFT LN L EBEZHENEE T, &T PC # Pytorch
ISR R A 32 frdf EHAT, MAXEHRW 32 L2 g sty —#Hel &
ot 2 P 445 2|35 B FPGA S 9 7 8, KX B & P 4 )| 4 B & PC 3r
B 4T, 3 H FPGA R F M PC B A T E M S BN EHIE, AXELEH
%% FPGA A G BAKME X R LIS HEMEHREHFE,

FHb B R ERE —MINAFNHENE, FIAWTER I HER, @
N 6 MRRAE, & /MRHE A 32bit Double, M W4 A+ BEME WL (Hhi)] 4
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HAEKNK 5 A fix>hgh-oy, EFhAREFS, dTHREER
BHh 6 MEEWMENLE, HAFERBANEFHEENTERERED
Verilog %77, #MFEMENEERN KL TR, NEEBRWAEE, G5
KA E AR 4 — HF S, & — EKy = activate(w - x), Bhy Ak
Ay H —HEH s
XA £ #2289 Qigong Sun et. al.POVF-1 Fu+1 B AHE W &0 77 %,
xt=Ym_2m e, ch e{-1,+1}, Z A KT F & T LKL -1 -
D~M - DY F#E, Bk R AREREmEQ™, - Dt —HRHE
(ch Cir, 1)
xt = (2" 1) X (Chy Cg, 0 1)
AL EREW =YK 281 ¢l cl e {-1,+1}, Bw' ZRTAREHE
A fE I EZ AR
wt = (k1 1) x (df, d_y, -+, db)
B EAREER RN, UFE:
xi-wi = ((zm-l,---,1) x (cky, 6751_1,...,6{'))
x ((zk-l, 1) x (di, di_y, ---,di))
axtowt=(2m1 1) x (25711
X ((ch choes, o €f) % (dfy oy )
fatwh= (M7, 1) x (2571, - 1) x Bitcount (Xnor (¢! - dY))
H P Xnor 4 Bl SR SN EE A AR L (/- D) AE B U 1D A B
W% 45-1(0), Bitcount A HAFITHURIE: XA B E{-1/+1}, %4, RE W
AR EZ TR (Gate-Leve) RFHHE —EHEHTRLER, BEEMAX
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B L R G2 W 4%, T 6x32bit B9 A\ x, X E 32bit B & K .

x(l) = (Xil)’ xgl)' Xél), xil)' xél), xél))

»(32) — (x£32)’ (32) (32) (32),x§32),xé32))
MAxERFRE, BLREAUTENG6, 2AlEFx F— MK LE&H
NEAEAE ., fFlin, 8 Exs, Hxs= 4294967296 x°0 + o+ 4%
(3) + 2% x(z) + 1 * xél) Hox; D ef(-1,1}.
DL A E A R AE w o R A 32bit, EAEEE F, HEE— My,
TEHZWER 6 M A x 2 A EK 6 MUE, T LUEFE w Y 6x32bit 4R A

[=A=]

P

1 1 1 1 1 1
w® = (1 ),WZ( ),wg( ),wi L wi, wh)

w2 — (Wl(sz),wz(n) W3(32) W£32)'W5(32), W6(32))

MEEMEME M HEELEFELLH, U332 5HE 6 RENFMHEA
— AR EAL, MEAG 67=36 MXAHINEL AR, F ROM 76
— B E % 6912 1> bit, FPGA # A #y LUT-6 X #1F 4 64bit #9437 3 ROM
TR, B A 108 4 LUT-6 27 X ROM 52 I A E B 1% 17 .

i x FIACE w B 6x32bit g A 2 ¥ LUAF B y B AR AL R 3k

Y = w® s x® | e » Va2 = WO xGD = @) =
popcount (Xnor(w(i), 1))

Yliifly = - N3, 502, (201 « 20 1) vy, b B A

T, RH MRS Ha = gy ey X EM = K =32, Ma = e,
XHFE Ry e[-1,+1], XA TEHEEN. WHyh#E @& XA
Htanh(x)1E 7 = 7~ B 4% :
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-1,x<0
+1, x>0

7 W 4 1 B x PR B [—1, + 1] e 2B A, 4 T 8bit 4R A 2

Htanh(x): {

b T 5\ R AR )
(

8589934591n
32 ot : . f (32)
P32 (x): Stgn <Sm ( 8589934592 x)) ’ or X

for xGD~ x®

)

8589934591
@2, (x):sign <—sin< 2 iy x)), for x®

8589934591
¢%2(X)Slgn <_Sin< 5 x))} for x(l)
\

N

% O B4 KT 46 B SE $ xR ] 32bit 4 AL T AN+ 2K-1 48 A (sign
e, FHA AR [—1, +1] W H S AR o H m oA S, Ex
EZ I E A, B F R E K ar Sigmoid Bt #E[—1,+1] X &, Sigmoid #Y
15 4 R He £ FPGA F 7] I Z W £ A [319 6 £ I, X 5t B 2| T I FPGA

T ik A0 I % 2% R 1 2R o e P IR

Sigmoid(x) = = 1:R - [—1,+1]
Frm o s N s REE,
X all\
\ ENEHRE
[X &) #1] 7 5l c
Firze 2 ks OXC

[&] 32 Sigmoid 2 & BBy — W £ TA M A, KRR g LI CETERD
MEWE BN 7 — Wy =X EWHN ZENL, FEHNE KL
(-1, +1]A A T H#AT Z E R A, EIS% e AR EHATIT AR5 3 X
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WANERE, B—EZrEBEEWEaNEItAERER, FRELR&E—E,
WAy EHEA —ENREERT— EAANR Y, R NRE—E
N A 4L 2 4 55 UART K& 2 B4R % 5 B4 PC E KB
3.4 ZHHIE W 4% H Verilog &, 7 ZAIEN

“HAHE N SRR TR SRR E wix B 3 e E R ARE
HAER, Bfn 32%=1024 MARERFU—PMRABEWREmE (MAC) EH
B, UREZRBmMEEES, AXEET R AT ALY EAELH, Z
0 A % A R HOR R AT S A s AL

i

j y i

r[3:0
>clL£ ]

sync_clk[>

: d[3: i ——I > ii[3:
multip[5] read port 2 (20 al3:0) y_ij[3:0]
| | el
s[3:0]

. ¥_i[8]_w_j[5]_xnor_0 —dr
X i[SZD]B.:aEbDCDISIU] am read_data(3:0] 1 RTL wide_fdrse_4
. h[5:0 read_address[5:0]
w_j[5:0] read_enable X

RTL_xnor_gé RTL_ReadPort_6_4_63_0_3_0

K] 33 Verilog & 15 5 % 3k iy 5 32 [

w1 Frr, x i[5:0]15 w j[5:0] kR mERH A L EHmE, ZiF K
|14% 2| xnor[5:0], Bitcount XA EHK ZH 7N ELH: KE— 1 2%=64 &
8 ROM 1} 7 £ & xnor[5:0]#7 Bitcount 5 £, 6 % 7 & 1Y Bitcount ¥ 1F 4
REF 4bit TER T R, ELEF, K —LHEEH0, BRFEARL3
R 64 By &K 5k LI Bitcount 1, & [F] 2F B #F sync clk [F] 25 Z £ S iy B 7,
FE—ANEFE EARE EEERRAELRE FHRERE, i HAEAE
=3

CAHIEHER,
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Signals
Time
sync_clk[e] =0
w_j[5:0] =110011 110011
x_1[5:0] =000000 001111
multip[5:0] =001100 001100 000011

1j[3:0] =1010 0000 (0110

&] 34 B35 B3R EY Tcarus Verilog 17 2 5245 % ¥

w2 R SEAT AR B, BB B £ A4 Lns, 1R Z lps, [FF A
155U E N Sns, y ij M EEAN EAL RS AREEER, AETHA
7 FPGA £k 4% % 100MHz (B 4F B 27 10ns), ABIHR A #ATE A KX &R
A BRI E AR, W29 320ns (0.32us) F LT E —xxw)edi iy, —14
E W 4% 2 Hy AR % 36%0.32=11.52us T8, 7 EMAEM%ERTURAEL
ABEREM A E AR, TRE, NEZETHITELEHARE 80.64us BT K,
REFEENERBERN BTEG RO TLFANLERLE, HRARIHHED
REFEEM S, XA LUBEZH,

H—RKEREFR B wE, KA BATREN TR 8 LR Lok H
32x6bit HHIE x 1w, 140K 6x32bit B KA RERN AT F &, #EiLF
B4 sync_clk # F A (x,w) BB B S RIZ g, RE y @, Hy i
FHABKHR 2WER, BBERABEIA y B R EMERE, FAKRERE
yERUEERF, REARLHNREyHE, I TRFREEEITEA, &1
AR

ARG R A Spartan-6
¥ 48 R B 2K F
FE SR B #E XC6SLX9-TQG144 ] 42
F 7 a 95 11440

A LUT 127 5720
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“LUT-FF”%F

86 136
8 At

IOB I/O 3 %

20 102
IR

BUFG/BUFG
2 16

CTRL &% 3% % R

& 10 B H AR S 5 e R Anin S AR S T AR % 2 88 R R

RN, XHAERERE T A28 LUT £& &4 LUT-FF F 7 &
A, # % LUT-FF & %% % FPGA ¥ & LA R A, XX ANMEF
AKRWEHETE: RUFERLFENFH; ELUTHAARTA2EE. &
SRR, REBraENERE T, ER, BT ERFEME %R ZEAT
A, BRI FIREARE 7T EMEF % L REHAE.

FANAERRERRE IR RGE, ERRENTHEEF AL EHE %,
*f FPGA #7 B 8] YL IR 4 R 3 A S48, HOR A B CiR B S s B R & 3K
Rk

| L. L
1 57 -3/7 /7 7 37 57 1 -1 -5/7 3,7 -7 17 37 57

@ ()= Sign(—sin(%m»

. \ | IS . .
1 -1 -5/7 -3/7 -7 17 37 5/7
2 3T
(e) ¢i(x)=sign(- sm(;mf))

(©) :(x) = sign(sin( )
K 35 @i (x)~@3 (x) %L 25 0N 4 AL Bk 5 156]
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Deep learning based six-dimensional pose estimation in virtual reality
Jiachen Yang' Yutian Lei! Ying Tian?> Meng Xi'

Abstract
Virtual reality technology, with its continuous development, is gradually applied
to healthcare, education, business, and other fields. In the application of the
technology, position and attitude estimation, as a space positioning technology, is
indispensable. Traditional pose estimation has the problems of high dependence
on environment and great complexity. But convolutional neural network (CNN)
and other technologies with computational intelligence provide a strong
guarantee for the progress of pose estimation. This article, based on the theory of
CNN in deep learning, as well as monocular vision system and target sample set
with markers, proposes a method for estimation of target position and attitude,
and at the same time, describes in detail a general way of making dataset with
markers based on simulation environment. In this article, the comparative
experiments of different network structures show that this measurement method
can avoid manual extraction of complex image features, and realize fast, arbitrary
and accurate measurement, which plays a key role in pose and attitude
measurement. Moreover, the visual correspondence between the world coordinate
system and the pixel coordinate system is proved effectively by quaternion.
KEYWORDS
computational intelligence, convolutional neural network, dataset, position and
attitude measurement, virtual reality
1 INTRODUCTION
With the continuous development of the information technology, virtual reality
(VR) technology will play an increasingly important role in human life.!* VR

technology can bring virtual information into the real world, using multimedia,
4



three-dimensional (3D) modeling, intelligent interaction, computational
intelligence, and so forth. It mainly depends on the development of many key
technologies, such as computational intelligence, 3D real-time graphics display,
positioning and tracking, tactile and olfactory sensing technology, artificial
intelligence technology, parallel computing technology, and human behavior
research. VR technology is widely used in many fields, such as the military,
medicine,? industry,* aerospace, education, production, entertainment, and so
forth. With the development of VR technology, the real realization of VR will
cause great changes in human life and development. Pose estimation is
indispensable in the application of VR technology.’ It can be used not only for
space positioning, but also for object pose and attitude estimation. Among the
existing spatial positioning technologies, image recognition is indispensable for
the low cost and good mobility,® though its accuracy is low. There is a target pose
estimation task, provided with the RGB(D) image sample set containing the
object, requiring accurate estimation of the object’s position in the environment.
Completing this task, RGB camera has a series of advantages, such as wide
viewing angle, high resolution, suitability for outdoor work, and so forth.” In
addition, RGB image without depth information can expand the application range
of pose estimation. Therefore, the combination of RGB information and image
pose estimation technology will be widely used in the future. And this method
will improve the user experience and efficiency of human—computer interaction
in VR technology.® At the same time, in recent years, convolutional neural
network (CNN),” one of the representative algorithms of deep learning, develops
very rapidly. It is widely used in target detection and classification in computer
vision, and a variety of CNNs have come out one after another—LeNet,'°
AlexNet,"! VGG-Net,'? Inception,'* R-CNN,'* ResNet,'> DenseNet,'® and so forth.
CNN has provided a deep learning method, which is used in many fields,!” to
solve complex problems of classification or regression.!® This method can avoid

the derivation of complex functional relationship, and directly use neural network
5



to express the functional relationship. This is an embodiment of computational
intelligence. However, the training of neural network inevitably needs enough
datasets as support.!” So a general and patterned training set generation method is
also one of the problems to be solved.?° This cannot only make the whole pose
estimation process more intelligent, but also save a lot of manual work. With the
above considerations, this article proposes a method of using RGB camera to
estimate the target’s pose and attitude in the VR scene. First of all, using the idea
of CNN, we propose a network structure based on deep learning, as shown in
Figure 1. That is to use the target sample picture with a marker as the input of
CNN, which directly outputs the six-dimensional (6D) parameters of its position
and attitude. The complex work of camera distortion correction can thus be
avoided, and the position and attitude of the target can be measured quickly and
directly. Second, to the algorithm proposed above, this article proposes the
specific dataset required, and elaborates on the method of the dataset making.
This method is a general method that can be applied in all kinds of algorithms to
measure the position and attitude deviation of the target by using markers. Third,
this article proves the generality of the algorithm process. This kind of
deep-learning, single-purpose measurement method can be widely applied to the

position and attitude measurement of the target.

pooling1 convolution2

input . full
convolution1 pRcE connection

FIGURE 1 The main structure of convolutional neural network used in this
article. This Neural network is combined with convolution layer, pooling layer
and fully connection layer.

2 RELATED WORK



A lot of work focuses on the estimation of target position and attitude. The
measurement methods include using gyroscope,?! accelerometer,?? camera,?
various sensors,’* and so forth. Of these methods, the most convenient one is the
use of camera, which can be divided into monocular vision and binocular vision

measurement.?

Compared with monocular vision,?® binocular vision has one
more distance information, but it inevitably involves camera calibration. If the
camera’s internal parameters are not accurate, the measurement error will be out
of control. Monocular vision measurement system27 includes the measurement
of the cooperative and noncooperative targets.28 In short, cooperative targets are
ones with communication during measurement, while noncooperative targets are
ones not directly contacted in the measurement process.29 In the method of

obtaining target pose from images, there are the traditional mathematical solution

method and the popular deep-learning method.



