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Optical Image Based Multi-Granularity Follow-Up Environment Perception Algorithm

CHEN Hao-Sheng, ZHANG Ge, YE Yang-Dong

(School of Information Engineering, Zhengzhou University, Zhengzhou 450052, China)

Abstract: An optical image based multi-granularity follow-up environment perception algorithm is proposed to address the follow-up
environment perception issue from indoor to outdoor in the field of rapid 3D modeling. The algorithm generates multi-granularity 3D
point cloud models which perfectly fit the ground-truth according to different types of optical image. A probabilistic octree representation
is proposed to uniformly express the 3D point cloud models. Finally, the expected TFPOM is generated through dynamic ground-truth
fitting at any granularity, and probabilistic octree representation of multi-granularity point cloud models are dynamically fused through
implementation of Kalman filter along with the camera trajectory. Benefiting from pruning and merging strategies, the proposed algorithm
meets requirements of multi-granularity fusion and multi-granularity representation. As a result, the storage space of environment models
can be effectively compressed and robust follow-up environment perception can be achieved, which are essential in environment model
based visual navigation and augmented reality. Experiment results show that the algorithm can generate multi-granularity TFPOM which
perfectly fits ground-truth in real time with fewer errors in model based navigation on platforms, such as wearable devices, that are
equipped with multiple optical sensors and low computing capability.

Key words: follow-up environment perception; probabilistic octree; multi-granularity; rapid 3D modeling
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Fig.1 Color image, depth image and registered image of infrared camera under the same scene.
Registered area of the scene is highlighted by red ellipse
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Fig.2 A typical example of probabilistic octree
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Fig.3 Fr3 structure texture far sequence of TUM RGB-D dataset (938 frames in total)
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Fig.4 A comparison among sparse, semi dense and dense models.
Image color is set from dark blue to dark red according to its value along corresponding axis
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(b) V- 2 A58 B AN R

(c) His AR ZY R A LSS A (d) P s A5 2 ) AH L S8 35 T
Fig.5 Sparse and semi dense multi time spatial probabilistic octree models
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Fig.6 Uniform probabilistic octree representation corresponding to its point cloud model.
The dark cube represent over-confident occupied node, the light cube represent probabilistic occupied node
and the white cube represent over-confident free node in probabilistic view
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Fig.7 Multi-Granularity form of temporal fused environment probabilistic octree model
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BT 2 o A U 184 5 IR S AT OR300y = A LR R AR 14 AR sl X PR BAT B b
FE TR EE I3 JIT LAAS SCH S8 A8 = B i 512 28 4, LAR & 20 H AR A SRR 2R R0 H % PR B Y ) 1) TFPOM
YR FRGE I M SR AR SR 1 AR IR R B ) 5L 3R 7RG AT ZED AU H AHAFLAN Logitech Pro9000 #t H AHHL(Y
EHEEH 20 72 640%480) (1) Nvidia Jetson TX1 Developer Kit i A Z A7 & F AT IR, %80 4 Ab FEF- 4 4700 i
AL ARM B4 (1 AS7 05 4 1% AL P28 Maxwell 2244 547 256 4~ cuda FLICI¥ Nvidia %K1 4GB LPDDR4 4
A7 SR g5 RN 181 8 .

(a) B HE = ST (b) BB (©) AL (d) BIZIZ)
N

(e) FrifE=4EVE M (H BHEsh (g) A5 (h) JHIZSZ)
Fig.8 A comparison between temporal fused probabilistic octree model
based AR (upper) and point cloud model based AR (lower)
8 LTI ASERA MR )\ ORI ) 5 s B S (R R R
BT RS SR BLSECR R B AEAI L) A BRI D01 A9 8CR X E

ARSI P I 28 Rl B 3\ SO ARl PR BB R s DL S R SRR R AR S A 1) = 4T
ORI 8(a)~1E 8(d) T 7 A0 P B AFAIE i 2 A1 N PSR () 1 A B S R GE PR R 48 B AR 48 B 1K) — 4EVE AL
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Rl 8(e)~H 8(h)T7r, R4 A B BIFEME SN IZ AT (30 MRS LA _B) WX EL I AT DU W B R 1L R 48 A 7E
2P B FU SR B I I R b AU R (L0t ) e i T R WG 5 DR B0 Sk S0 A A0 ATHARORS B = AT AR AR
HE = A T =AM R MR ) S WS EM CE M RS B BRI T I 56 v I =4 A7
BRI BAL A ALK S SR A A HUAL 28 M S AR AT SRS B 53 i s g 0L A7 T A U IF ) = 4 7 2 5 B0 e
I B S DY 32 B U R 45 B EARNL R ZL 12 ) i 2 v B th B AN [ 58 B (1032 B B0 s i T 3 B0 AL,
HE— 20 520 T RFAE ST R R VR A X R I G L 3 S 0T R b B ) AR — Bk, & 8(h) T, B
AN S T AR 7 %2, B A4 7R B TR VR T 55 s = A I 28 T R e A W ERh SR B il T 0 H K B H 4K
PR, ik D TR 13 Bl AR B AL R R R A [ RS A R A RENE TR FF SIS B Hh Uh A AR R A
WA 5 dE = i W I ) = 4 283
52 MBIt

TUM RGB-D $4fs 580, 5 45 55 P WAL 810 AR 8 14 R €00 1) 00 I A i PR R B8 ) T 6 DL 1, I S 0 A
J¥ 30 B 2% 22 B (R AR LI R AN [R) R a5 PR R85 37 s B 48 T, A AR 0 i 5 A6 5 gt ST ARV IR A RS BE AR T
I GT R AT T TUM S8 48, KITTT 30 45 200 5 25 T S Sh U S A X R (sl . GPS %8l IMU %
WOCERSE, G SR 2, XSS 7 41 i R 38 B  n 18 e, 2V B 3 SRS, i BB B R E. 2iE
HITANEE S 1) ZLHAR - & X PR AR 0 PR 8 2 A U AR 3 B F2 1T (visual odometry, i #% VO)PLZ5 1
U5V A R A b g I B v A s A AR B A TR e A AL ARG B R v S IR A I = A
YR ZE, TR 25 TR0 308 2 T o s ) 532 T = A7 00 ) AR BT 000 = 400 23 5 0, 2 — PP LS (1) VO JEAR, Bt LUSE £ K
£ B PEAT T LS e s ) B PR 45 L TP TUM 20000 4R 10 A 28 ) s 255 R A S0 0 A 21, KT T £330 4 1 7 i s 1]
F e R P 9 .

Table 1 Detail information of TUM RGB-D dataset
%1 TUM RGB-D ¥4 4E P41 15 5

RS 51 R B AL M (image) JRER I T S ()

Fr1_desk 1 613 20.43
Frl_floor 2 1242 41.4
Frl xyz 3 798 26.6
Fr2_360_kidnap 4 1431 47.7
Fr2_desk 5 2965 98.83
Fr2_desk with_person 6 4067 135.56
Fr2 xyz 7 3669 12945
Fr3 long office household 8 2 585 86.16
Fr3 nostructure texture far 9 465 15.5
Fr3_nostructure_texture_near_withloop 10 1682 56.06
Fr3_sitting_halfsphere 11 1110 37
Fr3_sitting_xyz 12 1261 42.03
Fr3_structure_texture far 13 938 31.26
Fr3_structure_texture near 14 1099 36.63
Fr3_walking_halfsphere 15 1067 35.56
Fr3 walking xyz 16 859 28.63

Table 2 Detail information of KITTI outdoor dataset
Fz 2 KITTI M 5 R

BT 5 Rl EIN] HEER /N (mxm) Bt SR M (image) S 1A (s)
KITTI 00 1 564x496 4541 908.2
KITTI 01 2 1157x1827 1101 220.2
KITTI 02 3 599%946 4661 932.2
KITTI 03 4 471x199 801 160.2
KITTI 04 5 0.5%x394 271 54.2
KITTI 05 6 479x426 2761 552.2
KITTI 06 i 23%457 1101 220.2
KITTI 07 8 191x209 1101 220.2
KITTI 08 9 808391 4071 814.2
KITTI 09 10 465x568 1591 318.2
KITTI 10 11 671x177 1201 240.2
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(c) KITTIO4 J3» FURFAE 1R AR B 3 (d) KITTIO4 J¥FHEAE 5K 5 v B 4

(e) KITTI 04 45517 51 £ 1] ik
Fig.9 Feature extraction and mapping trajectory of KITTI 04
9 KITTI 4i 45 04 F7 51 (5 AIE s R B2 00 2 1] Bk 7= 491)

S HE - SC A BT, A FH A SR T R R At B 2 B 10 s 7 A5 g PR i B0 i e A AR ) s 7
TS B B SRR I (1 4 3 0 AR 2 TR RMSESL VP A 5 72 J8 5 AR SC AV (¥ RS kR[] 280 i 1 KITTI
B B AL T T AR, B D % B R B R 5 OR8] 7 VE TEAT X EE BT AT H (W AR F & 420 B Intel Core
i7-4700MQ 4b B #% Nvidia GT755M &£ 1 8GB W 7. TUM %4l 45 i) RMSE i Eb 45 S B 10 fiow, b8 T 8w,
FrA T 20em 1R 24 4% R 9 20em,rgbdslam HO4E IR B SCHR[301, 000 & T 7 NP A s KITTI Z4E 4£ 1)
RMSE %} bt 25 S an & 11 377, 3840 AR AL 15 22 4 [ 12 7 A DG I RIS 6 43 51 T2 1236 2 W5 — %1, TUM
Ko 45 5 7 HEEMUR Ty 30 WAERD, KITTI Bl 42 5 75 HERE N 10 Wi Ab.

30r mm A4 wm LSD-SLAM

= ORB-SLAM mm RGBD-SLAM
= PTAM

] N
S W
T T

RMSE(¥fi7:cm)
S o

W
T

1 23456 7 8 910111213141516
FFI% 5

Fig.10 A RMSE comparison among some sequences of TUM dataset
K10 TUM %odfa 56457 T #8751 1) RMSE 32224 Lt
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Fig.11 A RMSE comparison among sequences of KITTI dataset
11 KITTI #4548 51 (1) RMSE X bt
5 0 . .
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(a) KITTI 00 J7 53105 5 2 (b) KITTI 03 J3* 41| fLizk % 22
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(c) KITTI 05 /3 5l hidi i3 % (d) KITTI 07 75 HL ik 5 2
Fig.12 Trajectory error between ground truth and estimated of four typical sequences of KITTI dataset

Bl 12 KITTI $odhi 4 4 A 307 P 41 B0 S 0 5 Ui ot o 1y s 5 22

7B 10 JIT 7R (¥ TUM $0HE G2 U o AR SCB ) BE 19 8509248 0 8 9 A1 visual SLAM S5 AS ] 122 5] 268 210 (1) 24
AHTUE TAE. BT TUM $d S20 &iE n g H 8 — 11 Frl_floor 241, W& 4T A Fr2_desk with_person /41l
BhbgER) . SUER I A IR Fr3_nostructure_texture near withloop 3% 5145 52 %37 35t Rl Bkt i 50, 336 6 15 Jin -k
T ORE RN 0 RS A Atk ) S SR T B AT R, A S AN AE K43 R B R R S A RMSE R ZE 6 BT T B%,
I HBA AT — B 4 B AR R BR ER RO KT 20em ¥ RMSE 42 72 76 B 11 Js (¥) KITTI £ 46 I
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R X P AR A DU R IR SR T A SCEVER B AR BT A 2 5 b 48X HLK) KITTL i 4 X L, 28 7 5 1L
fth 2R H SRR RE— B0 A SCEE A AL AR 6 RS BL A Huber 411844 ground truth, 3 1 57 RMSE.
h T35 W A ST A I ) 2R BT — 2D %) visual SLAM S92 A 48 o 50 RS S0 38 4 0 AT

% TFPOM 155 8 [¥) 4 G FH 8 ) 5 st 2o A5E 280 308 7 0 A7 03 A S I TR0 B0 L3 3 AR SCIE I TR A 3l 9
336+ 67230 F1 450 253 ¥ (£ Ha 42 A2 B () BL UM L -0 2% RUBR 5 PR SRS 1Y ] 3(a) &1 3(e) RN 3() T 7.
BT A B RUR ] 0.01m? 94 #1265 B i) TFPOM SR JH# FH  0.05m® A1 0.1m? (81 43 #R BEA7 IRl i 26 3
AT UL Y, 55 2 W 703 77 s 5 3 0% 23 59 75 52 68mis~1 916ms, T JIT 6] B I TEPOM A5 700 7 Ab B 5% 53 % ) A
TR I AN 5 2 39ms, 26 I (RIS HE F¥Im N R T 1~2 AN, SR DURI R s geR P T R e
TFPOM 145 3t 52 2 B 25 B 2 th A 75 2 58ms. 573 — > L S A0 B G5 A2, B0 et 2 A0 3 A TR ) 4k 28 38 2 T A
R KA ETF(H TFPOM [ H4) S Asf [ 0 Jse 175 T A3 2 28 2 DR O A O il K SRR A /N 7 P A 43 2% 1) )\ SO 1)
i 1) 285 R A 384 LAt — 25 AL 3T 80 AT DAL £ 2 4R 5% visual SLAM SL32:7E 48 ] TFPOM 70 J5 45 2 HoAT 9 %2
{149 225 PR IS ] FE 00 4 1 2, DL E — 2D 3R T SR k.

Table 3 Time statistics with TFPOM

F 3 TFPOM BERLAH IS M Ze vl

f£%% BRI A R Z PR (m) A $(per) i} 1] 34 #E (ms)
SN Fis i 0.01 9336 68.24+10.683
i8I 8 A 0.01 67230 332.08+38.317
i JJ) r e 0.01 450 253 1 916+38.996
¥J# TFPOM Fis it 0.05 9336 6.218+1.284
g TFPOM i b7 0.1 9336 4.613+1.521
KJ# TFPOM % 0.05 67 230 5.919+0.015
K # TFPOM R 0.1 67 230 4.193+0.017
13 TFPOM bl 0.05 450 253 58.554+0.369
KJ# TFPOM % 0.1 450 253 31.567+0.15
it )i TFPOM i it 0.05 9336 13.45+1.514
it [lj TEPOM B 0.1 9336 7.775+0.583
i i TFPOM - % 0.05 67 230 3.81+0.063
i ;i TFPOM A 0.1 67230 1.332+0.583
it [fi TFPOM ik 0.05 450 253 39.521+0.554
itii )i TFPOM 5% 0.1 450 253 8.68+0.218

6 4 it

ASSCHR T BT R 1 22 0B B B P85 I S0 SR A S Mg s B L B 2 o B I S = 4
R [ I 5 PR\ SO 7R K B 2Bl 4 T = R G Ron PRI BT R VHOF SRR 28I,
FERHAILIZE B 91 5] AN 15 2 ol S ) o 2 (0 B S8, 2 RS — 10 T 28 il 5 BB 3 )\ SR 2R 5 458 8 TFPOML 523 45 2R
M, AR S AE s 2 PR BRI A7 i 23 [ PR [R] IR A G vy DA SRR B8 ) 2 00 30 S B I3, I DL 5 R 10 i 3 3 85 U
1 T A SEERBRY AL B S AT AT /DN [ B3 158 2 R v ) I [ 2R
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