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Reconstruction of low-brightness traffic accident scene based on
UAV-borne LiDAR and empirical research

Zhang Zejiang Liu Xiaofeng Liu Junli
(School of Automotive and Transportation, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract: Under low-brightness conditions, it is difficult to obtain high-quality survey data by traditional accident survey
methods. This paper proposes a low-brightness accident scene reconstruction method based on UAV-borne LiDAR.
First, the methodological framework of UAV-borne LiDAR survey is established. Then the noise is removed using a
statistical filtering algorithm with Gaussian distribution, and the moving objects around the scene are filtered out by
judging the occupancy status of the spatially divided voxels. Finally, the sensor's position data is used to registration the
point cloud data to obtain a 3D point cloud model of the accident scene. This paper also explores how UAV flight altitude
and LiDAR side overlap rate affect the modeling accuracy. An empirical study is conducted at a simulated accident scene
at night, and it is found that when the UAV flight height is 15 m and the LiDAR side overlap rate is 50% , the accuracy
and processing time can reach a better state. Comparison and analysis with aerial photography modeling and traditional
manual survey methods, the root mean square error (RMSE) of airborne LiDAR modeling is 0. 046 36, which is lower
than that of aerial photography modeling., which can be better applied to the survey of traffic accidents at the scene of low
illumination.

Keywords: low-brightness; accident investigation; UAV-borne LiDAR; three-dimensional modeling

0 2| CNY R 5 € CIEES A € (B B N G AR N P o
Lo Ao oy b 598 BEAE T A B9 SRR BORE o o M A S
B IR IR R PR I, S R SOE O A R . Sl R R R R O s KR

il

¥ %5 B H5:2023-08-23
CTEEWA . RET AR (XC202028,20222D016,22YDTPJC00120) 35 H % Hl

— 174 — HEHAPBRTMEHLAR Hh BB O T



20244 2 B
H43E HOH

RN A R AR R AR
B A, AR AT T R B R AN R
B 5 5 ST AT F M AT AR BRI A . B A 30 R L
BIEK 1 min, 23 38 A% B B0 7 1 38 3R B ) 8E 0 4 ~
5 min, Haule %48 T & 3 2 % 3 5, % 308505 me A i
30 R A [A) 9 E B A R R AT T 4 AT .

1t 55 22 38 F I 2% H T A RO & R AH BILHA B 04 5 =X
W RN BATS5SERP I ARKRE. R
I R 2 SR R I ELME LI S i B S AT R
I, = AR Y A A B AT DAE i VLR, b
REDEEREE MR I R Ly, W B AT LU £
AP A AT LS W] S T A AR 1) 2 2 A8 L HR A A AR
S (5 F i 00 0 S5 AR A S RO S L e U SR 3R
THER T =48 v A & 35 B8 4 A 0148 B0 55 B 9
VA, iR 25 A A0 4 BOK O T R 2R Y A (time of
flight, TOF) AHLARECT AR i @R MR EZAF B 5l APk
P58 HLRE B3 0k Al A %2, TR) B PB4 Ak B 2 (graphic
processing unit, GPU) I =4k 5 =~ E# TR, W E =
Y PR AL SRR Y 0T B B . A R B E R
Y, B OGRS R AT = 4 A, T LU
Yob Pl A O A e R SR g B

Stana %" (i F b 17 3806 33l Cterrestrial laser scan-
ning, TLS) By # )£ 7 1, D\ HiL T AL A1 75 2] 43485 19 15 51
MEBEE ENR T RO = AR AR T F
ST R] , ol B 30 SR S MO R 25 R . Baier S5 AT A S
TR BE 0 3 L 3D B O s AR P ARG
FAN B ARG B . H TLS 72 5 — 48 &5 Bk
HEHBXETFHEAG N2 REN, FEAERG R EZAE
KU DR R HE S R AR 1 s o B . [R5 = B8l
T B R BRER R B W ST A P ik A
30 min" . b I O RIS A B A #5 R S R OGO A
TR EAR MigRER,

AR BEE TC AL B R B Wy & J iy ok B4
B 11 R ATG LA (o 0% S0 () RE A0, B 8 S R 45 TUAE: 55,
BRBAE W ST S T S A, Rk
T AT S 508 F S U O B BT B A 4R
N B bz I N Boe 3 B 7 I R U 5 B ANE S 31 S B
U3 = AT A L R e AR e . R ATTEA
MLHE AT 4 T 38 3 R A0 400 A UL 2 = s o, 3 LB
TRARAE S B REB TT L O ZAE F HOA E E A R R
FIPHE, v A S B 3 1 & R A% . RO 260 3R b
1 7 %1 55 (ground control point, GCP), & FH okt 3#F DU A5 92
XTI AHUR AR B EGGHE AT A IE i — 2048 A T Sl i 3 )
FEHIRE B

T JC AL 38 SR 4 A7 M 09 R B ASE g P 4 30 T i
R AR R 0 R E 25 . 4B @R R v 4
A Ry = AERRRY , Liu 55 il FH 0 ML 4 48 2% = 0 9
i, ¥ T i Y UG B8R 38 1o 52 3h 45 1 557 (structure

Hh B O T

AR X #

from motion, SFM) FIZ M £ 37 /4 B & (multi-view stere-
0, MVS)RL b # A pit = AR, SR )5 R AT I % b Fi 803
Ak T A5 20 B HOR 40 L T AR Ak AR B AT 1 A2 TE T I —
YERERY AR A0 PR S A YRR E R O ke xt
SEM B3k A0 38 v E A7 etk , L @i I I Tl
ST L. Zalkifli S0 R T ASIF S8R 5 RN R AT
SROE N RO 52

PR A WL O TR R S S R R A

B K 55 B 0 R AR O ST TRV B N I T O B
W& iy = A pi il I B 5T K 2 02 R L E A PL T 8 14
ki 7 2 X SO AT R S s A, (RSl R R
B[] 2272 BEATLPE SR R, FE A e sl M AR S BE st R L 5
KA AN, S KBRS 5) 00 BRI 5 B 37 5o ) B
DRI, TS TS R P T A 3 5 R vk G T L AR 3 Tf Bk
B o (ELAE A I sl B 50 A5 1 T SR B A ) 8 28 2 o LA S
PUERA A I . 2 R A AN M PR E 40 0 A o S
W, S A T A SO R A TR .

AR SOREAR 5 B A5 1 S S AR LR 52 0 BGE i B K
YK B CAE S 885 , S BORMG M B iy FRDIRAS . tedn
B RMR 58 AW B I B W A7 TE R S BRI A A% AL, 1t
Bl R ML AR TG 5 W i S 8 SR B I RS ROk . BRI, AR
SCHE H— B TC AL G SO B Ik i FE O 52 Tk TR AR X
—ETFTHFRAR, EEMEHWT .

D RBEOEFE B Z LG, v L R M5 T 0
I . B I AP g 25, AT LAY 2 55 0 4 i
AT B 7 B ] A AT DL A 1 8 R i = it 7

2) 43 AT A O AR S O — o F A A B Y R ) L S 50
PRAETC AL CAT i B A OL 5 55 55 ) B &% 2 W0 101 5 804
] 5% ) ARG

3) FF R SCUEBF 5, B0 UE BT £ 5 3 i T AT M RN A AR
by S B PR AL R S

1 HLEECEE XN G EER

AR FR LA T 2D BRI AL PO ik s i i .
S ik S O 0 TE AL B0 R IR A 1 & A
SE LB 1K N B R R A o A S L B A

R T AL CAT , 75 BEAR A = i 0 3 52 b 1 O L A R
TMiek, REFHING I R S8, B8, kRS
AR A TS 28 o A B, X SRR 1 i s AT TR 3L TN B
P AR R R S U . IR R = TP Y SRS A G e o)
i i K 4E 8 (K-dimensional tree, KD-Tree ) 3§ & 3 2=
(53 M e 3 ok AR 3R A T vk A I T e I 3 ) LA 3 A
ZJ5 A 43R E 1 % 4t (global positioning system, GPS)
B ek B R A 1 AL R e o =, A S
B =4S 8, Feda . AN T35 O 45 31 i 25 0080 din
E Ry ELSEAE EAT T LY, 30 30F 2 ARG B, %o LU A R AR T
LA SRR R A T Uk L A AN R B 8 07 vk Z ) i iR 25 KT
HLERRO T A0 5 2 A B R R AR AN 18T 1 TR

HAARFMEHEAR — 175 —



2ic4F 2 H

VR $43%5 F2H e

e —— G

! !

W

Y

RELM S
iz I O
) o v
- N
AR Bt
SRgles: u;ﬁcﬂa | RgfEEpE “
£ [ﬁ#ﬁ@J gi—ﬁ%——J B prme
{fﬂv;‘%ﬁ‘ | || 1]
- | il il
B g R
. C
? MERE s & & ®
2.1 EEEE i O &wﬁ%
A FH TG LT 8 S e 9 7 8D 5 i 5 BT T AL ¢l
D

KT N L4, 3 0 To N PLAS 200 S ik AR
P AN BRIk, B RATVERT . S 58 o 8 1 i AT
% B BTN AT = R R, A S KMk
KLY e/ MUK BE 2 SRR 1) f 29 . R HLAE B3
R BE OGRS R AR AL R AT S A ) T LA R
X B HHIY .

WOCTHIAA T [ — AR 2%, — ML &5 25t
JEF A 28 1F (charge coupled device, CCD) A #HL.GPS Hi
1B PR & B G (inertial measurement unit, IMU) , #K 38 7
HFH ORI 4 =AM R TOF i, 06
A5 R 25 ASFE R — 7 B b AR 2 B A, A R B 2 1
W 2 B8 AE CCD AR & R = M A 4T
THE G REAT A 0 4 A 1 BE B, = I BE 1Y DI B o 1A 2
FR . A=A 00 5 R0 R G, e 5 W IR BE B B
B 00 R B A W B R L R AR Ak 25 R,
AR BT

TOF 535 2 M8 T WHOCE IR 1Y "CAT B[R] &% 1% 4%
5 2 1) BE B, R A% A5 50T K 0 0 5 [N R AR R ok
JEE I BE D BE R B An I 2 PR . e R iR A A B B
BN EAE T B S O, %k ] TOF 306 5 18 3% 45 Xt 45
WO AT NIRE] RSP R 0 o N T
I T VP E WO E IR B A R AR R B R T AR
FEMM B, R G, fo e, md =4
TR 45 L RE A% T 0o B 0% SR S TR

— 176 — HESETFMEZEA

WOLE IR =Mk

R
A

BOEE IR TOF IR
Bl 2 ARG I B 2

2.2 HABZEBRE

2 BHL O T I8 h BT 2 B R R BE AR S SR TE N
PLURAT R RIS S5 B . AR B i R, 285
I ] B FR 3 5 5% 25 2 70 Wi 3R AR L BT LA ol S8 6 - kAT
FrsE . A HLEBEOL T IR RGP ES R AP0 R
A B AR AE 1 R AT R B R AR R RS AL
%% RIHOLE IR IMU 1Y 8, FRBCHES 1Y A2 245 2 .
T3 50 R AR IBORE W B4 A5 B € R il B AL A A 42
45 B2 A5 ST b T AR R AR T A R R A R R Y A 4
7 5 MR TR N XS LG A R R i Rk
SUEDRCIEARR A bR R E T 4 A b ) v
2B S Wi T2 R 4 (global navigation satellite system,
GNSS) G2 1E WGS84 Aehi & T 8907 &, 53 5l i 5% 28 2 )5
R $ s B A R R 1 R .

R A1 9 VB A S 4 o i LA B R AR R R
XA JLART 24 3R OG R T LA SR fige A% S g A6 T 22 ) 1) i B 1
RO RE [, IR 52 1 A W T 2 TB) % A i 38 30, I 3 s

Hh BB O T



2024 2 B
F43% F 2 H

R1 HWEEHSER

GCP /() ZRE/(O) 15 B /m
1 39. 067 46 117. 298 42 3.483
2 39. 067 39 117.298 35 3.483
3 39. 067 49 117.298 15 3.483
4 39. 067 59 117. 298 24 3. 483

0, 0

J

3 T A A A0 AR LR 2 RO R

&l 3, s PR 4 I AE W sk R € T b iir 2R s 1 ) —
AFFAE A O, 0, s Wi R0 8 i 5 B 23 15 45 19 A 1
i s R FHAS [] A b 2 R [R]— A~ A5 L B8 % B 56 &, 7] DL AR
F 2

P =KP.,p, = K(RP +1) (D
K prop, BAR=ZHEER P E P BB _HFER L
B AAR, = RRBHE KR, K FaRMILNS, H A iEE
B Z T8 ) — AR LA 48, 9 S TR R o 43 AR SR AR HL
B i€ 5% A L 3R s AN R B 20 F BB AR LI E 3 E R .

T8 35 X AR JLAAT 2y SR 56 & AT LA A DG E A 25 (]
DL 5 FR ) 60 2 SRS R B 15 L . S 6 39 FH K i e S
L1 [ A FOEE &l ad A5 e T8 15 2 e 4 50 B S 50
B, X (2) L (3) TR W 4 75 T 2 1 A% 6 B A5 8L 1 SC A4
HERIFE R BIRE .

R = [0.999 916 82 0.012 030 35 —0.004 649 2
0.011 932 78 — 0.999 719 15 — 0.020 475 04
—0.004 894 22 0.020 417 86 —0.999 779 55] (2)

t =[35.080 000 76,16. 940 001 40, —46. 439 997 85|

(3
2.3 &R

TERATIZAT 55 L 1 B DJT Pilot #C4 #1 € JC AL
RATHIL , AT LAk e N TP 0L R RO B A E R R AR
L A5 B o P A S s R . FE T AHL R AT A R
o BEBT Z R E TC AL AT %6 4, 1 8 22 4 T A DX 3 AR
AT BE . IR A R TRAT BE AR A TR b B =

Hh B O T

AR X #

P aOR AT AR v B B

— R AP AT IR i A By AT I 2 A AR S PR
B g b SRS A R AN 20T . D9 R AL BB
G A s . 2RO DL G BEROE 1S AT .
3 AT E

PR IR R ERIE I RS R s BRI RE S
T7 M o5, I FLAL 3 J8 AT 3 A2 AN 147 N 588 s iy ik
Sz MR R R S s 2 o T R R R RS
FH PECE AN = 4 R DE AR S Bk, A
PR B8 F 7 A A9 B kG B Y S O A 2 R AR o R
KA 1 SRR 5 O AT TRAL B, 2 A B v RO
PR — Pl A R AR S AT AR B 5 — A =
Y23 [ HEAT Y143, 76 S [R] XA 25 ] o 4 B, 7k Oy 1 25 46 Ak
L, RE RN IRE bR T BT, KRR LS L
B 2 s RE RS T R O AR B 2 . (AT BE S BUR — MR &
A5 A ) A 5 2 o 20 A T S A0 9 A 2 1) 4 i RSO
MIRRB /NG, S HEE N =~ DA FER L, A 45 R A
JIORS 20 AR 3153 0 B 2 R0 I B4 B85, #E 2 B [R)BE A, AR 3
G54 PR OT IR R RO A S O AT U B 7 R AR s
Ab B I R 6F P A 3 A 25 R Bh i L DA B AR AF
H R R .
3.1 BaEER

LR A A B Gt S 0 W E R R R
PR R k-d RS TR S S R A S k4R
b A T S N ) S B SN T S ER R (R e T
BEASSZPIAE SN TEHEEE, BEFE S,
RVAT 34 2 B 31 PR, ) S 259 B 8 K (B A e A T A0 B

DS SEEEN Q. T EEM—5 p. &k HEES
Rops BB R SN T Bl s B p, BB B SE HME
wehd, X d, AW Z B R, A .

S,
Tk
DB d HIEAR D, W D BIHE o KbrifE2E
cn R EQHFH M. WMED MR M.

3

n

— 1 . _ 2
o= /nﬂ;)(d ) (6)

MBI B G 1S B AR PRI A=A RE RN F
w RN G AR BN A0 06 A

P ={p,e€Ple<putw-0,1<i<n} D

Horpr B e RIME o FFRIEZ o KALE F T w RIE .

e =p+taw (8

SUS H A SR BE B KT e i, T Sy B A A B T
Xof 07 26 H 0 R s AT N R L T 58 B R S BR B A

d; €Y

© (5)

EAA PR — 177 —



R X #

3.2 EXBREEBME

L TR IR TE R S B0UE 0 A I, 2 5 2 R B B, ]
RRUESEMIEXNB I EFmMIT AN, B TFRBIYERE
AR ZI 5 R AN R B9 25 (a7 B, Sl s = T B E R,
FEARBERI RS I . Mt — I S F g ) — A
W EHITE A EZ AR ER TR EGRRE Y
PRz RN 4 R,

;m
wﬂﬁff
> J L AU
‘/xn’y,x’::',; L \
i

B4 AR R A

B4, ooy vz, RN AR 2 ¢, F #9258 6] =
s b, 5L 7 (AR R R s AR 2
Yo, vz, R CHHTN 2 ¢ DIBOE TR A A ol W IR TR R 25
(] H o B B AR 0 o A A 2 2 ) P R R R T SR I
I 220 45 A AR ZR A o PR 2 0 W T 8 — Bk 1) 9 A L A3
B AR AL T IR — R A o B 45 A AR AR AR PR R AT
SCBXT R SRR UE R . X TR X — 5 A
il F bR AL T IR TR — 7 B A 3R Y o 40 DR 2 0 3 o —
B . WARAEA A i = L R = HERERL  [R] — o7 ¥ 77 7E
225 U AT WA 8% S 0 1A T 41486 19 0 2 0 A I Bk L T
B 755 i 2 B O T VS B

4 REERESRESNW

4.1 RBbBE

3D M A AL RS A AN BT BN AR AN [ b e AN AN [ B 2
SRR SRR SR . W ATAE & 52 R R A B
4% RTK FEuh B8 55 508 L BO6 8 = 57 s B0 %15
B BOLE R E AN GPS & 0 R G455 M 1R
B B R AR AR E R T $E S B E B, 18 B B R e
MESFR. AMFERRGHEANS S EA « ..
2 4 NBBLET 3 SRR L S B OGE A E R
DR B AR AR BAR R . BN RETR, KRR
SfmEatae S EBES R RN E . SASEEXTHE
His o BSMEIEEESR, WA AR Z T
A A s BRI NG N = g A,
4.2 IREXLE S

DA R AR

TR 0 2 W DO 3 B0 A 4 ) A R e oy =
YAz B, AR B = 4R AL, SFM Bk AL B R4, AT
A R =4 L 8 2 A ST AR ST R T R AR S =
i, SR 5 WA L B BEAE AT A9 3 R B A IR . B 23K
BT A AR B #E 47 3D #4, 1 Pix4D, PhotoScan ,

— 178 — HEHAPBRTMEEAR

20244 2 B
H43B 2 H

Terra %, 230 d H PhotoScan {4 4 8 AH [F] i 28 F 2%
LRI R B S T 0 S AR, S HLEREOL S
TR A O A 2 R AR A L, T AR R R ik 2 () A 7 B 3 5
S WiRh Ik Z m X iR 2 iR .

x2 TANGHBNSHETEEZRI L

Xt H s R
R HG oA RAGREEES
Tyl EshE BB
SR IR & e
AR i WOt R NFLIR
i iR R
PRV & A
Yk =415 B A &
ViiiES i [
LI El &
A 5t JEHr
2)REIH 16 b

AR SCE A ST R 2 (relative error, RE) F1¥ 5 #1725
(root mean square error, RMSE) & PE 4y = 4 AU B

(D AR iR
Yig — Yy

s 57}
RE Y. X 100% (9
(OB FARIRZEN
RMSE = i(Y,m —Y,)" 10)
n

A YRR R Ap Y R B I R, Y 7R W A A
F A RO & i LS (R o A A 1 R AR R 1K 5 n 2R
I A B B A K IR 0 < <m,

5 FWIBEINLE

5.1 BhZiZ&EIER

O'driscoll £ {#i F§ DJT Mavic Pro J& A#L, AN
TN B MR ILTE 0. 734 kg, I HARFUE /N 5 8 (6 48
Amin 558 DIT GO 4 Sk BT AT 51, 6 K s 4]
S 4 IR OB 0 L AA R . 3 T B A
ML G AR ML G T 3k %o 25 B 3 280 1 B 2% L (H &% B 0 FH DL 2%
WO T K N B AT A

PS8 p  ff ] 2 45 M300RTK Jo A ML, 17 4% 18 B
L1 #0650 SO AT . OGRS R R ]
AR AR A 1B AR bR L A 2 R B A B Vg R e B A
B, A AR 120 m BR S S50 TR 0 T L 0 M T A
P AT SR A WA 5 PR
5.2 kIRl

2023 4F 6 H 19 H B 8 &, 7E R BRME B AR Il K 2%
MM 55 A M L, B AR B RO Y. [ 5 X AR
I 25 5 BRS04 1 o i AT R A

Hh BB O T




Bl 5 st i & ML B

JE7R I BB B IR AT O . D RUAT R id B S B
5 S0 0o il 4 DX A A B ) LR S OB 1 T
Kt A8 T B SR P B T S 9 AR ) o S ST
TR R DX AR B S B AR 0 e AT AR A
GPS Hu 8] L, LAREAUL R 5 B 37 O v O B ML R At £k i )
P15 A R 3 3 1)1 34 ELAE R BT K R G RS e i 3T
Pl e T G TR 4 DX SR W0 e R . 6] DIT Pilot
Gl RATATER AR S5 R S a6 fros. R
B B2 56 v ) S BB o T BIL AR T T8 SR 4R A )
)24 9 min 32 s, f & JC ML R UL AR AT 4 45
BB . (EA ) S il 7 S B A 00 AT RE A7 7 2% v o B AE A
S AT KT R S R R P L O R B TG N PL % LA

AE /D B 38 T < BB DU AR R B Lk 2 S UL R 1 []

Bl 6 AL e B3 A g P R B 2 4

5.3 Rn#ERE

MR B 2 Y R URR AT G i 0 4 A o B HEAE AR AR bk
AT AL ARE GE 3 2% U8 e S0k PRI TR R A = T R R
BBt . M AR k=10 BF, 55 AE A 151
F X B AT N B L AR B S BR IR R IR B

N EBR A S FREE TR Bh A S Lim 0 4R
FOh ik A A 3L o0 R 34 B AR PR Cegocentric ra-
tio of pseudo occupancy-based dynamic object removal,
ERASOR) J7 i » RIVXT L[] — 07 8 1 4 28 42 4k . IR 531 3 1
FIFSIER . 18 KITTI i 350 B 406 48 B9 ie gk, DU
BA %R (preservation rate, PR) Fl{H 44 % (rejection rate, RR)
JIFANHE AR, 5 H A IEBR RS 3 R = U7 B I EL 75 ) ERA-
SOR J5 e th ol & B ARSIk NEI SR s,
PR AR B, TR EARRRNE 0.2 &
B A% 3h W A , b6 5 R JE A HILBN 2R 48 SO 4o B A A

Hh B O T

AR X #

5 B Bk I Se F I I A S = 80 8 S i i i
S B, AR R TR AR % & CPU y 19-
12900k, GPU 2 RTX4090.i2 15 W17 R 64 GB, i = 4b
BEAI 93 s, ANFVEE & & Z ST Re A e 2 5, —
MiE BB T PR RS- T B0 Ak 20 B2 P, 8 2% 15 i) 408
R IVE TR
5.4 HXMEEEXRZE

TEBCHE 5 2 BG4 2 (R B & 1 40 b 2 TR ) AL
ARG . RS s 2 M EE R K, MR
fFRZ IR Z BN, F BRI TOA  HEBOR BE & —
FEHE G 3 0im A S T AL 5 R R) L — A s A
FRAT WOESE ME SR N 75% ~100% . 7] AR 4 A [R] g A
TR AW EEAFNESR, LS T iR 5%
S ERINN Sl ER A (I = - TS| R A O 1 1/ B8
BR L SLEXE A BT T 8 Bl 5% ) E SR, X LA RN ER 3
FT7R

®3 RESHEAEZEESEILL

HER J 6 5 Mz Bl AR
HOYW/ Y #iE/MB ] /s Bt/ (<10
30 76 49 2177
35 78 49 2 257
40 87 57 2 348
45 91 64 2 453
50 95 68 2 566
55 99 73 2 617
60 102 76 2 787
65 107 82 2 845

Wi 3 AL, M E T AL AT R ok 55
AN 50 Y0 BT R A A EYE B R S g I K
6 B 4T 2 2 T o ST E 2% 14 st 1) 5 S ARG R 9 3 22 )
BISEFR ., AN —B s H i , 58 HOL T 1k A
KSERMESF
5.5 TANITEERE

SR FT ML O T A HEAR R S VS L BB B2
FF g, % R 2008 i R 5 b 2 265 5 AT Mk kT
252 38 BE TR 1) 5% R O S Bk R B AR T AL 4k
TR BN 15 m, B ESFER 500 MR T .4
JAE 15.20 A 25 m = )8 F X H BT 5 . RRE
A5 30 B9 B0HE HEAT AL B, W7 R 42 B0 B B AS A [ AL B A
)L M 2Z 4/ . B 15,20 F1 25 m A A BE R A AN o =
MERY, R A7 0] AL ST L L 25 A 7 FTR

L7 AT, TG AL AT R R v R e R R O
FRl 5 =50 TG 6 19 1 85 TR R gl A (75 e B 3 B 4
TR AT F NP O L X OB A R A R B
Ao BT BEAE GRIE R A PR R, R AT B A

EAA PR — 179 —



R X it

@ 1SS (b) 15 mEE A SRR

(0) 20 g AR

(0) 25 miBs B 2 SRR
B 7 RTE T s s A

(H2s mEE "izﬁﬂﬂﬁﬂﬁ

Y A B 05 T 10 0 B L 7 AR BT I B AR = 4
RO CRUE f st 2 4 Rk
5.6 Xttbarth

A BT AL O T R S 15 B = AR AR 1Y) R 220K
Ao FH = A A TR TGP AR TR o g AR AT o, DL R
D EAE N LSE AT X e . R AR B @R s R
56 BB TC AP AL I - A (] 655 2 | A 3 T 22 38 2 i 3
G T B ORI BE . KRG T A SN AR
5% M R % 8 PE (position and orientation system,
POS) JFJ EMG 4 AE J B S VUi . 42 T o . 8 7 7 i A
B oA, FLIR S AT YRR Y A Ak RN o B Ak Ak
RS F R BT R BT e R, bR E
Flg I T AE AT LLFE PhotoScan #4F hilf 47, it
AR A AR B O B s A B 45 5 T AL X LE L an 1A 8

20244 2 B
H43B 2 H

(a) BB S

.

() SRR
B8 MEEMS N SHERLR

(c) BRI

AT A [F RO A T RS B R A R g
PR 2R 2 b T 4 ) s =2 T B R ] L A AE 12 T
(EFEAT I A A 5 1~ 12 4 O 0 4 % 52 34T %
W9 FiR . B IR - A RRAE A P S 0 — 4R B T
W T HESH A AL IEE 5 L5 3] 12 T00 & 1E , 45
RN 4 PR,

Lo 0k of 52 R R 5

FR
x4 EBERESW
Wi G 5 - % 4 HBR/m  BEEL/m  FREE/m EREEAHNRE/ Y RREBEAEXRE/ Y
1 H%EK 4. 48 4. 43 4.52 1.12 0. 89
2 S 1. 71 1. 65 1.78 3.51 4.09
3 BER 4. 87 4.72 4.93 3.08 1.23
4 BEE 1.77 1.73 1. 74 2.26 1.69
5 BNTTELT=EN 11. 80 12.93 12. 87 9.58 9. 07
6 i T 5 1) A FE 10. 20 9.93 10. 12 2. 65 0.78
7 TR 0.75 0.78 0.77 4. 00 2.67
8 Jo N HLFE S 0.55 0. 54 0.57 1.82 3. 64
9 HOL TR IR 0. 30 0.31 0.29 3.33 3.33
10 O TR IR A T2 0.25 0.23 0.28 8. 00 12.00
11 RRHRZ 0. 65 0. 62 0.67 4. 62 3.08
12 IR = AR 0.42 0.37 0. 46 11. 90 9.52
BARKRE TR, MOCHE IS @B LT EE WETR = BRIP4 FER KX RE., A

fei g iTh o I (E DO AT AN 5 N R 7R S

— 180 — MEAPERTFMELA

T (0 VAl A1 2% L THEE RMSE I 2 K B 1 (8 HE PR 72 41

Hh BB O T



20244 2 B
H43E HOH

D G LG 5 22 ) A S L S R R e R SR AR Y
o o Al 25 Y LA S 0 0 A5, T LA a8 S R — )
DY) (L S0 5 00 o 1 B RO . S 6 045 o s o O
2% 2 FE BRI R B BE A . 1153 T A AT Y A A HE R
BREME I RMSE J9 0. 046 96, HL#RIMOE H 15 #AL RMSE
h0.046 36, HTTARGRZE MR /N, W SR 45 A T

6 % it

BT XTI B SE P AR @R A 5 N T M L
B ARE BE= F M AR SO AL R O ik
WO R ER THOL TR RS M ES R M AT &
X = Y ARG B S . AR TR O AT S ST
LR SRR Ak $H A [R) RO S RS B L A5 YO R A
FrmEZERER 5000, RAT MR 15 m B, W] 52 B0 P B
ISR RS .

AT B AL B T R) 75 AR A S S B 0 B4R
it Z T ADUIRVE A GRS g 5 SR M it 5
-5 AERZ N AR AE 9% B (] JEACAE 15 min V. EMRSEE S
s RGN T vk AR SCHT IR U7 L RE A W 3 A
RSSO E] L, L HE B R EE S, BT
AL AT ML 2 A0 [F] B, HIL #8030 7 35 B9 B RMSE 2
0. 046 36, 5 1% 52 & 3 5t T MU0 % 5% d A 19 RMSE 4
0.046 96 A, ARG A X 400 . BRI IL, AR SO ik
T it — 20 BGHE . R A 2 B30 T o R T T AR LY oL %2
B 24 A M Y B RTK 5 0 45 /0 i, £ A AR A 70 o 7t
KEEE . T B TE b A % RTK ELub, 198 GPS & i
S UG B mokg BB E AR R . TTAPLIE R T S5 %
Uity RS AR AE AL SR TR Ik B — AL R 2R RORS
BAIK, T Al 2 T AL B A R AR AR L 1R S 0 5 KRR
1B S

2 % x o

[1] HAULE H J. SANDO T,
Evaluating the impact and

incidents [ J J.
Transportation Science and Technology, 2019, 8(1):
13-24.

(2] SRAEUHE. ERAS, FE3CIR, . BT =4in] AL AR
BB AR B S ms WF 52 (). W T B R, 2020,
43(19): 57-62.

[3] g4, HER, Hije. X+ TOF MM B %R T
MEL=gF@E[I]. b7l 5M08H%HR, 2017,
31(12): 1991-1998.

[4] STANA I, TOKAR S, BUCSUHAZY K, et al.

Comparison of

LENTZ R, et al
clearance duration of
Journal of

freeway International

utilization of conventional and

advanced methods for traffic accidents scene
documentation in the Czech Republic[J]. Procedia

Engineering, 2017, 187: 471-476.

Hh B O T

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

AR X #

BAIER W, DONNELLY M J, PAYNE M, et al. A
holistic multi-scale approach to using 3D scanning
technology in accident reconstruction[J]. Journal of
Forensic Sciences, 2020, 65(5): 1774-1778.

S, i, HEURL, S T = 2 O A 30l
Fwc A R b i HE R LT SRR, 2022,
47(1) . 76-82.

7R, XILESE, Bk, % YOLOX-IM: —F KA
BUATHE AL 9 4% B AL 558 S 8RO R [T ], [ Ah
T4 AR L 2023,42(1) :159-169.

GHAMARI M., RANGEL P, MEHRUBEOGLU M,
et al.
civil applications: A review[]J]. IEEE Access, 2022,
10:102492—102531.

fppsp, S5, 2R BT I0 A BLAY I8 B A2 8 3
G IR S BB BORD L], T E AR A% R ¥ M
CHARBHEMD . 2018, 24(2); 88-91.

CHEN Q, LI D, HUANG B. SUAV image mosaic
based on rectification for use in traffic accident scene

2020 IEEE 3rd International

Unmanned aerial vehicle communications for

diagramming [ C J.
Conference of Safe Production and Informatization
(IICSPD. 1EEE, 2020 430-433.

Mo, VPEEE, WK, FET /N JE AL T i 0
MR GEAT] FARREZER CLERBD,
2016, 46(5): 1439-1446.

LIU X, GUAN Z, FAN Q, et al. Remote sensing
and scene reconstruction of traffic accident based on
unmanned aerial vehicle platform[ C]. CICTP 2019,
2019 3331-3342.

A, A, B, AR T KA SFM Y TR
TR B R AR B RS (] AR AR AR, 2017,
38(1): 252-260.

ZULKIFLI M H, TAHAR K N. The influence of
UAV flight
reconstruction mapping[J]. Drones, 2023,7(4) 227,
IV, WA, RRE, 55 T GIS i iy
e P Pl = AR LTI EOR L 2018, 41(9)
69-74.

TRV, b d, W, SR T LA 3R T B G A
0 A AN 389 59 S BRORIIR 72 2 TR (R0 5y vk LT . AR X
224, 2019, 40(8): 131-139.

M, THEMR, TR, =4rEH @S s Bk
rsel)]. B EAR, 2020, 43(12): 75-79.
O'DRISCOLL J.

grammetry using unmanned aerial vehicles [ ] ].

altitudes and techniques in 3D

Landscape applications of photo-

Journal of Archaeological Science: Reports, 2018,
22 32-44.

AMIN M, ABDULLAH S, ABDUL MUKTI S N, et al.
Reconstruction of 3D accident scene from multirotor

FEAARFMEEAR — 181 —



R X it

UAV platform [ ]J]. International Archives of the

Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2020, 43. 451-458.

[20] LIM H, HWANG S. MYUNG H. ERASOR:
Egocentric ratio of pseudo occupancy-based dynamic
object removal for static 3D point cloud map buil-
ding[J]. IEEE Robotics and Automation Letters,

2021, 6(2): 2272-2279.

— 182 — HEAPBRTFTMEEAR

20244 2 B
H43B 2 H

fE & &

[ SE AN i o A BN o X O A B T R ab L N 875 8
HH,
E-mail: zzjkyjy@163. com

XNIREEE GRASVEED -1 B2, W5 7 0l 2558
e ST/t

Hh BB O T



