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RIBEFZEDLS(ALIE T BN ENTNOBIBRFIETREIND . —MBICEHSRIH ZRAR I THILREL. T—I RIB&EFiZ—75(C
ERUTHITEI D ARILDLOBEINDILEEEZAF 7> DOBR(E, AR TR IEHERYERZRNC DB S,
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PIWIVZXL-FE
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SDF Representation
dynamics node (SDF)

ANSBTHIFRMEMEOESLOBD (FE1E) IEEHCE DV THEEANY —J1 A% 37TV LTHB[5]. 1992 (CEASN, I(CDIRIDI
OEARN 7L IVZALDIDERD, BERMRRIRNSBARIIBAYS 1Y - JIAZBBEL., SBICERBISON—F I F1-T 7N ITUXLRBEDMMDY —ILEEEHED
SNTWS [6]. 8Z 204E[], Surfels(Surface Element) (JEMBRZAEREL H) I BTz D—RREIR AL TERIN TS,

Geometric Objects

STEEEOZ AR TIZICRBL, V-7 -FI0ER N\ -8R Octree S VRFIREIEMK, RIS 10807 T0-FE LB GRRCRREL >
SV RBIRECT D [7]. REBET —INBOXy S 1BBE(CH SN LV AR NERTE EEHIICREINTLS [8]

Moving least squares (MLS)

EENOERIHUUNESRN_REZETEIDILCLD, REBEEOREINSESNME—HE DY —JIADEEEIIZRVERZFFOY—ILTHS [10]. MLS(L.
JAZXDZVWADOIE, O—-NIV I 197427 (L LBEmEBERREFAROITLURHCENTHD, ZILTVZXLDFULWYI T —NIED. FHEOEMRRETUJRE,
BAHIERIFTOWEDERIEECO TS [12, 131,

Truncated Signed Distance
Function (TSDF)

Microsoft Kinect O&SBMEIR RDEENASIC L TERKRSNIET AR TeDITEFRNC/ERR SN 1— ASBHLIB T ) JUXATHD, mBfaiIt)RIR(IC
x}ﬁﬁ“ét&b(LSDF@ﬁEﬂEﬁH?& COTWTUZX LG A ZXDZNT —AEAREL T UL LTAIATITAT (BB TE2mmBEDS - T I EIEKT 3L
W EJEEREH. XBESHBEEN S\ esd, —2B0T7 TV -2 3> TOERMHIFRENS [9, 10, 12].

Probabilistic Volumetric
Reconstruction (PVR)

COFEE, FCEPRODED S SRIBER RIS Z IR OBRCERRET I THSD [16]. . SDF® SurfelsiREDMMO7TO—FLAHFEDEDET, BRIIIBAFE
EMEU TRBBIFFS S EZBNCHIVE RN TERRERIREAEKN T HIENBTHETHD [17].

Poisson Surface
Reconstruction (PSR)

SDFERIUHAFREBICLBFTLLITETHD, Y- 71X§$§ﬁf‘:-‘if£(:$@‘b'€§@577ﬂ—9:7&2:0\ DEICEEZITNT . ANRBFERE—EICEREI D RO
ilﬁibﬁuﬁﬂmb‘ JIADBIBET ZENBIREIIN, EERIEL 5| SAZ(CHNVEBDHRDNTUEICEN D, Flo. EVOERDHIBRAF > UNMSSIR)

, AARSEREBOAARN )L T 'JXA@&btﬁ%(EU%ZtD%%I’:&J, ZO7IWIVXLDES— DD CHDEIRAY S VRN (CRTREE 2215 EN %D
[12, 14, 15],
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”3D Surface Reconstruction from Voxel-based Lidar Data”(d. E&LiDARTESUEmE 2 VILF AT —ILRIIEL. SBICTSDFETEICEDAF V>
PRI MDEHTAYS 1Y - JI R EEE I AT MERAERBEUL S AT LA Z2EKEITEEDTHD. BHEE2DAASELIDART Y —REDEEEHRIOMm A ZF) FUREIE
RIRYE>YT (SLAM) (JEFFFITIIN. —RRHIC(IESSNDTFENMbE S EHR— NI BEHRFTFIBEINTWS (] : 2DAXST—4(F3D Y —HBROET I
DFHIAFVI I CDHHOFIEE) [18] .

“Lidar-Monocular Surface Reconstruction Using Line Segments”T(d. BlR2DAXSELIDARDE S ZHAL. 2DEHR T SN IEiRZ 3D M Ny
E> U TRIBOENVRY —J I AFBHIBERZERR I 5 AT LZIREL. {EROSLAMSERELEE U 07 TO0—FOFISACOVTHRLU TWVS. I %’éI(DIU?’EW\—
937 -y DIZE. MZEHICERDSIIBNIZLIDARE Y -2 R T393AE TREL. EYI0EIBIEEZ IEHICRIR T MEREFT — 2 EAI2ENTTHE
Do CDT—HEY—JIXABIBR(CFIFAIEZET. LOD2LNLOZEMZFRIANAIEEL DN BR T O3RTTIBIRNRH. IDFWVAILDT(T— JL’&EH&Z@“&_
ENNTERVEVSRIEN DD £z BYIERHEOAZRE ENMSRIEE EDORAR - KESHTUE—EURVS. UVILRIEVIET N 2B ENICAERR I DL (EEEE T
»d [19].

“Strategies for 3D Modelling of Buildings from Airborne Laser Scanner and Photogrammetric Data Based on Free-Form and Model-
Driven Methods: The Case Study of the Old Town Centre of Bordeaux” T(&, 2D Xy 1185 £ 7 RUILFER. EOFFEE ARBIDANZTYIH
SFNB3IATAILEBTROCEZRRSH TS [20].

KHUREBTHET )L Z BEIRCAER I 2EEDFIEL T, Huanghlc k320228 05%3" City3D: Large-scale Urban Reconstruction from Airborne
Point Clouds”#'%&h. 1507V IUX AlE. # R DR SO RBHIWU TRIER3DAYS 1Z/FR 3 2ENBIRETHS [21].

fZELIDARZAFv> %1 FEHAILHEHENE B ZimUIimSLEEEFEA L. “Urban Flood Modelling Combining Top-view LiDAR Data with
Ground-view SfM Observations”M&3I(C, HKDETUZIPFRIRE, LNFPIRRARICERNIHTEINTLS [22].

ZEthMLIDARU_EDLIDART —4%BEIICERK T 23 AT ADIATTD1IDEL T, N=IL—KEN32009FEDTI-h)LLR— KN Fast Surface
Reconstruction and Segmentation with Ground-Based and Airborne LiDAR Range Data”(CEE&(aN TWVS, ERAE(E. mA0OT—FY—-AhB0
Ay IFBABEINEOTI AT -3 THD, 1 EMSORFv> TIERZABVGEE (BiR) ZIRZREL. ERUILESNY T & E>TZ=RT —IhSE0EEE IR L.

TOERIVIT2DDOXAY 1% [FEVEDEDS ICECELO T, 220X 1%555 T D7 ITVAACDWTERIRENTWLS [23].
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[23]EEIRFRRICER R ARZFETITONIZRIDIAFE  Three-Dimensional Modeling of an Urban Park and Trees by Combined Airborne and Portable
On-Ground Scanning LiDAR Remote Sensing”Tl&. fMZELIDARZAF v e EXFv > 2 HENE T, BARDIDET IV OIERE B TET —ADFHAINRET &
nrz. Uh\U. 50 5%E. BEMESNTZ/ A TS 0LV PV TV LADEETE RS —HEIRT7AT 7 OEEKICERZETRBDTHD [24],

SLAME A2 770—FEL T, PSR (Poisson surface reconstruction) 7ILIUXLzEFWT, BEEM(C3EEUIZLIDARICE > TR (CES U 30 mR
BENSAYS 1%ERRL (BE—RAFrUICLBiREZ2E/I\RICHNZ D) | chzIEMRERIERDE) 00—/ Ly TOVERICFIFI Y %7555%" Poisson Surface
Reconstruction for LIDAR Odometry and Mapping” T#B7TU TW\3, AN DEIREV AT, FERRSNIEEZAYS 10 =ARZ0ZEE A7 T NZAL
T, TOREY TN EEERVNYS 10MBEIEETHE T ENTEER THD. TNICED. PSRO—AZHIRREIRETH S, FEREL TEASNZAYI AN TR (TZEFHEINT
LEDEVVORIREZ BRI D ENTIRE THD. MODTANERIE. TSDFOLIRMD—AZHIRY —JIABIBRFELDONIDRVERICERETERLZRELT
B, K50density filtering enhanced Poisson surface reconstruction7)LIUX AR, SLAMBEIO—HUE -3 EVWSKERARNSEIDEEL THBERRY
— U EIREMEN S D LB RIELTLS [25].

“Dense 3D Surface Reconstruction of Large-Scale Streetscape from Vehicle-Borne Imagery and LiDAR”(ZSLAMODEITYOEEHZ TIEK,
SLAMDAIEYFEZFIFAT 2T LATHD. KFRBANIHAOERE -2mBEN3DEIEBEID. £9. /-y NI UrzEE I 3Em0OE TR AN SERUF—T
L—LNSHEVKRIAZVERR I3 EICE TEKREND . ENENDFILLF—TL—L (2DAXFELIDART—4) (F. BIFOFRIAZEFHL T/A ALTTRIEZEDRRE.
B E BRI TERENISEDDICEREINS [26].
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Deep Learning Approach

RO T3, REEBA-20Y-JIZBEEETIEEIHLTHD. “Implicit Geometric Regularization for Learning Shapes”{>., “SAL: Sign Agnostic
Learning of Shaped from Raw Data”Tl(d. SIFMKFFEE (SAL: Sign Agnostic Learning) Tl RINU>J DRawT—52FT. smEEHSDERE
Xy 1% BIBEI 37 I0-FTHd [27,28].

“Deep Implicit Moving Least-Squares Functions for 3D Reconstruction”(&. Z1—3)L3&Y IS5y NIA— AICH B FEZEE I 35 EDIRETHD.
NEOFBEFEBN-ADIATAE, BEEAT—ILETORBINSONYS 12BIBERIZDE—ATSIIMNI-ZAT—AARREL TEREETTHD, #hEAzED
TOFED Xy > 1BIBEE(HRERESN TVBHIFFFTELRV. CNIK[2]TEEMIENTSED., BEESE. IREDERBFEBN-ADFEE. HHILGY -J1 ABER
FRALRUT, 2BT -5y MOARBHDOATSTINHEDRLLRVCEZBASMILTULS [29].
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Large-Scale Point Clouds”(d. BATEAHIH U TCEB SO EEE(CE D AttentionZBEAL TH 15 #EE%25TEL, chEResidual Connectionz#H
HFENEIOYITREFZAIETS 3, Residual ConnectionhF B9 2BFRARIEDIEACTELTHD, CnIOvI%ZERDEITEARICTIET 2EATtaisH ML
R&ns [30].

PointNet

LIDARRBENSEUSEN B REBFT —HHH U, 2DZERIADVIFE1I—-1RAO3DRITINLREZITNT mBF T — NSO\ A MMFHRIZBEIEF B I REFBF
ETHB [31].

Cylinder3D

FFRYEF, SemanticKIITTIVZEDMDTA N -7ty hCH RGO EZIXEE SN/ Cylindrical and Asymmetrical 3D Convolution Networks
for LIDAR Segmentation”(&. Z/\—2F7 —5ZiRkBEE THEEM_ EZKD., MMOBEFHAHFRREFCI A T2 T INDEEEZBZLS5EL TS BIFOET IV
(FE5VRRBF B EE B L s VMR W EIPROM /5 T _EF<HEEET 22 EHIEL TS [32].

® EFTSNISEY)IDIRES,

R COERZRH L. (IBEOHIEZITO0/AMEEF AL, GENFENSTHARDOEDI TEZIFET D AFE TIIAHFIC

#H CTHUSSN AL H - AFEDREHH AZRIRIGREZI TR,
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=3

Ransac

“Usac: A universal framework for random sample consensus”(&. O/\Z MEEDH PR TILTUZAT, TH LSS T JHEDRIRICLD, SAN1E
EEFERVHID" %S| EHTEFETHD. RANSACORYIFYIRDZIRIE THI. #R4 BFEEMEFTSN TV, [33].

ICP KUZDEE

20Dy N BERI DB EA A E%Z 2 I BICP” Least-Squares Fitting of Two 3-D Point Sets”(&. thEEHIRTETHND"Efficient Variants of the
ICP Algorithm"ENZDIFENFIEL TV, FIEMBICKEKF I B8, HENUHBEEISGEVMIBENNE THI. UIXUIFD7 )L TV ALHELUTERZN.
HRORUDETRICLDIEEZHITTLK [34][35].

DCPCR

“DCPCR: Deep Compressed Point Cloud Registration in Large-Scale Outdoor Environments” D&, EfESNmBHIM U TOBENZL\CE
(D, B DILEEFE TOFAZRHRELEITHZE R TOFB(CTRE THD. M ADKEVWANT —FOELERIKERDT—TY MRBHOHURIF RN TA—Y X%
FKiFI 5. [36].
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RandLA-Net
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AIDVEENE A Tholecl. RIETIVTIIRVN, IEBICER TMOTOS 17 M TZ<FIBIN THDEBEDHIMITSA A TH30pen3D71IIUICEFNS
[RandLA-Net] ##4RUz. RandLA-Neth"FZREN 220204 TIE 2B EREIEH IR, EREICH W\ TERRI IR Coofeh', 2022FRF R TE M ISV RS
5. —ARMIRCUDAM IEGPUZIEE UTPCT. #00 mDmEfz(EF)TIAA AILIR G BEN B BETHD.

DCPCR/GICP

#HhOZEMIERAMRESWVT. TRANSAC (Random SAMpling Concensus) | [ ICP1RUZDEIETH3[ Point to Point ICP]. lPoint to plane ICP].
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City Generator
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class RandLANet(BaseModel):

def init (

cfg = self.cfg
dim_feature = cfg.dim_feature

self.fc® = nn.Linear(cfg.dim input, dim feature)

self.batch normalization = nn.BatchNorm2d{(dim feature, eps=le-6, momentum=0.01)
d encoder list = []

# Encoder
for i in range(cfg.num layers):
name "Encoder layer ' + str(i)
self.init dilated res block(dim feature, cfg.dim output[i], name)
dim feature = cfg.dim output[i] * 2
if 1

d encoder list.append(dim feature)
d encoder list.append(dim feature)
feature helper torch.conv2d(True, dim feature, dim feature)
setattr(self, 'decoder ©', feature)

# Decoder

for j in range(cfg.num layers):
name 'Decoder layer ' + str(j)
dim input = d encoder list[-j - 2] + dim feature
dim output = d encoder list[-j - 2]

f decoder i = helper torch.conv2d transpose(True, dim input,dim output)
setattr(self, name, f_decoder_ i)
dim feature = d encoder list[-j - 2]

T layer fcl = helper torch.conv2d(True, dim feature, 64)

setattr(self, 'fcl', f layer fcl)

f_layer_fc2 = helper_torch.conv2d(True, 64, 32)

setattriself, 'fc2', f laver fc2)

T layer fc3 = helper torch.conv2d(False,32,cfg.num _classes,activation=False)

setattr(self, 'fc', T layer fc3)
self.m dropout = nn.Dropout(0.5)

VD3R

FC: Fully Connected layer
RS: Random Sampling

®: K nearest neighbors

@: Concatenation @: Softmax @: Dot product

A
=y

PLATEAU

by MLIT

RandLA-Net Model

(N/128, 256)

LFA: Local Feature Aggregation
MLP: shared Multi-Layer Perceptron

(N/128, 256)

US: Up-sampling

DP: Dropout
@: Sum

Point coordinates Point coordinates Local Feature Aggregation
Input point (N, 3) (N, 3) (LFA) Aggregated
features / features
— = Attentive Attentive ]
I MLP LocSE 1 pooling LocSE > “pooling [ "] M-P —
(N, d,) (N.d_/2) (N.d_) (N.d,/2) (N.d_) (N.d) (N,2d_) (N, 2d,,)
MLP
(N, 2d_)
3
Local Spatial Encoding ™ W) Attentive Pooling
(LocSE) - S Aggregated
{3 (s features
Input point (K, d)
features ®.0 Q > MLP
== = L ® 20 ) ; . )
—ﬁ T o o ) (K, 2d) (K, 2d)
(N,3+d) (K,3+d) (K, d)

RandLA-Net®7 )L OFFHlRAZ (Hsk

: https://github.com/QingyongHu/RandLA- Net)
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def init dilated res bleck(self, dim input, dim output, name):
f_pc = helper_torch.conv2d(True, dim_input, dim_output // 2)
setattr(self, name + 'mlpl', f pc)

self.init building block(dim output // 2, dim output, name + 'LFA')

f_pc = helper_torch.conv2d(True,dim_output,dim_output * 2,activation=False)
setattr(self, name + 'mlpz', f pc)

VD3R

shortcut = helper torch.conv2d(True,dim input, dim output * 2, activation=False)

setattr(self, name + 'shortcut', shortcut)

def init building block(self, dim input, dim output, name):
f_pc = helper_torch.conv2d(True, 10, dim_input)
setattr(self, name + 'mlpl', f pc)

self.init att pooling(dim input * 2, dim output // 2, name + 'att pooling 1')

f_xyz = helper_torch.conv2d(True, dim_input, dim_output // 2)
setattr(self, name + 'mlp2', f xyz)

self.init att pooling(dim input * 2, dim output, name + 'att pooling 2')

def init att pooling(self, d, dim_output, name):
att activation = nn.Linear(d, d)
setattr({self, name + 'fc', att activation)

T agg = helper torch.conv2d(True, d, dim output)
setattr(self, name + 'mlp', f agg)
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class conv2d{nn.Module):
def init_ (self,
batchNorm,
in_planes,
out_planes,

kernel_size=1, j\/ﬂ-:l)_t/a >Z“

stride=1,

swertcoi, Sl it o TFHRILAILTE. LAV —RIOR#IEIEL, T1-98IT

self.conv = nn.Conv2d(in_planes, out_planes, kernel size=kernel size, stride=stride,padding=(kernel_size - 1) // 2)

self.biases = self.conv.bias - .5 — N ~ “w
self.weights = self.conv.weight @ﬁ%u3nk1§\3¥o)ﬁ1/ﬁﬁk((—\ ETEEE’\JHZDJ// \IJl—

self.batchNorm = batchNorm

if self.batchNorm: ~ ~ i
self.batch normalization = nn.BatchNorm2d{out planes, momentum=0.01, eps=le-6) ya/b\1ﬁﬁ éj léo

if activation:

self.activation_fn = nn.LeakyRelLU(®.2, inplace=True)
else:

self.activation_fn = nn.Identity()

def forward(self, x):
X = self.conv(x)
if self.batchNorm:
x = self.batch_nermalization(x)
x = self.activation_fn(x)
return x

class conv2d transpose({nn.Module):
def init (self,
batchNorm,
in_planes,
out_planes,
kernel size=1,
stride=1,
activation=True):
super(conv2d_transpose, self)._ init_ ()
self.conv = nn.ConvTranspose2d(in planes,out planes,kernel size=kernel size.stride=stride, padding=(kernel _size - 1) // 2)
self.biases = self.conv.bias
self.weights = self.conv.weight
self.batchNorm = batchNorm
self.batch_normalization = nn.BatchNorm2d(out_planes, momentum=6.01, eps=1e-6)
if activation:
self.activation_fn = nn.LeakyRelU(0.2)
else:
self.activation fn = nn.Identity()

def forward(self, x):
x = self.conv(x)
if self.batchNorm:
x = self.batch _normalization(x)
x = self.activation_fn(x)
return x
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model file = os.path.join(input_path, filename)
mesh = trimesh.load(model file, process=False, force="mesh", skip materials=True, skip texture=True)

# Calculate cross section of the mesh that will represent the building footeprint
slice 2D, to_3D = cross_section(mesh)

# Extract the point values that define the perimeter of the polygon
poly = slice 2D.polygons_full[@]
x_coordinates, y coordinates = poly.exterior.coords.xy

cross_section(mesh):
plane_normal = [@,8,1]
bounding box = mesh.bounds

min_x = bounding box[2, @]
max_x = bounding_box[1, 2]
min_y = bounding box[®, 1]
max_y = bounding_box[1, 1]
min_z = bounding_box[®, 2]

middle x = min_x 4 ((max_x - min_x)/2.2)
middle y = min_y 4 ((max_y - min_y)/2.8)
cut_height = min_z 4 8.6

slice = mesh.section(plane_origin=[middle_x, middle_y, cut_height], plane_normal=plane_normal)
to_20 = trimesh.geometry.align_vectors(plane_normal, [@,2,1])

slice 2D, to 30 = slice.to planar(tc_2D = to_2D)

slice_2D, to 3D
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align_point_clouds( inside_points_list ):
unaligned_lidar_peint_cleuds = []
aligned_lidar_peint_clouds = []
downsampled_lidar_peint_clouds = []

point_cloud_num range(len(inside_points_list))

point_cloud_data = inside_points_list[point_cloud_num]

points = point_cloud_data[@]

point_cloud = o3d.geometry.PointCloud()

point_cloud.points = o3d.utility.Vector3dvector(points)

downsampled_point_cloud = o3d.geometry.PointCloud.voxel_down_sample(point_cloud, @.2)
aligned_lidar_point_clouds.append(peint_cloud)

unaligned_lidar_point_clouds.append( copy.deepcopy(point_cloud) )
downsampled_lidar_point_clouds.append(downsampled_point_cloud)

lidar_matching_max_distance = 5.8 # Very Llarge matching distance allows for fixing large position errors, pretty safe to use, when combined with Low maximum error for accepting the resul
transformation_init_guess = np.identity(4)

# Next, combine every point cloud other than one, and adjust that one cloud towards the whole of the rest, if the error of odjusted point cloud is small enough
moving_num range(len(downsampled_lidar_peint_clouds))
downsampled_moving_point_cloud = downsampled_lidar_point_clouds[moving_num]
static_point_cloud = Mone
static_num range(len(downsampled_lidar_point_clouds)):
static_num == moving_num:

static_peint_cloud == None:
static_point_cloud = downsampled_lidar_point_clouds[static_num]

static_point_cloud = static_point_cloud + downsampled_lidar_point_clouds[static_num]
alignment_result = refine_registration_point_to_point(downsampled_moving_point_cloud, static_point_cloud, transformation_init_guess, lidar_matching_max_distance, 28@)
alignment_result.inlier_rmse < 8.25:
print(" Point cloud #{numl}, error={num2}, adjusting pose".format(numl=moving_num, num2=alignment_result.inlier_rmse})
aligned_lidar_point_clouds[moving_num].transform{alignment_result.transformation)
downsampled_lidar_point_clouds[moving_num].transform(alignment_result.transformation)

print(" Point cloud #{numl}, error={num2}, skipping.".format({numl=moving num, num2=alignment_result.inlier rmse))
print("Matching process completed.™)
aligned_lidar_point_clouds, unaligned_lidar_point_clouds

refine_registratien_point_to_peint(moving, reference, initial_transformaticn, distance_threshold=1.8, max_iteration=168):
result = o3d.pipelines.registration.registration_icp( moving, reference, distance_thresheld, initial transformaticn,
o3d.pipelines.registration.TransformationEstimationPointToPeint(),
o3d.pipelines.registration.ICPConvergenceCriteria(max_iteration=max_iteraticn))
result
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class RegisterNet(nn.Module):

def

__init__(self, tau=1,

weighting="information_gain',
input_transform=False,
nr_attn_blocks=0,
attention_normalization="'softmax',
kp_radius=0.05,
nr_kp_blocks=0,
radial=False
)

super().__init_ ()

self.point_net = blocks.PointNetFeat(

in_dim=6, out_dim=256, input_transform=input_transform, norm=True)

self.conf = ConvNet(in_channels=256, out_channels=256,
radius=kp_radius, num_layer=nr_kp_blocks, radial=radial)

self.transformer = Transformer(
d_model=256,
num_layer=nr_attn_blocks,
dim_feedforward=512,
dropout=0)

self.attention = blocks.Attention(
tau, attention_normalization=attention_normalization)
self.weighting = blocks.CorrespondenceWeighter(
weighting=weighting)
self.registration = blocks.SVDRegistration()

Target Source, not aligned
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class PointNetFeat(nn.Module):
def __init__ (self, in_dim=3, out_dim=1024, input_transform=True, feature_transform=False, norm=True):

super(PointNetFeat, self).__init_ ()
self.convl = nn.Linear(in_dim, 64)
self.conv2 = nn.Linear(64, 128)
self.conv3 = nn.Linear(128, out_dim)
self.bnl = nn.LayerNorm(64) if norm else nn.Identity()
self.bn2 = nn.LayerNorm(128) if norm else nn.Identity()
self.bn3 = nn.LayerNorm(out_dim) if norm else nn.Identity()
self.feature_transform = feature_transform
self.input_transform = input_transform

it self.fe;ture_transform: - Eﬁ*‘ybg_a
- self.fstn = STNkd(k=64, norm=norm) o PointNetld. EfienlzcmzxRz. YXyF > J(CELIZO-H71E
o E T SR — A B Oz R LRI B (EAENET,

self.stn = STNkd(k=in_dim, norm=norm)
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class ResnetKPConv(nn.Module):
def __init__(self, in_channels, out_channels, radius, kernel_size=3, KP_extent=None, p_dim=3, radial=False, f_dscale=2):

super().__init__ ()

self.1lnl = nn.LayerNorm(in_channels)
self.relu = nn.LeakyReLU()

self.kpconv = KPConv(in_channels=in_channels,
out_channels=out_channels//f_dscale,
radius=radius,
kernel_size=kernel_size,
KP_extent=KP_extent,
p_dim=p_dim, 74—9’-17—1‘11\‘/7\)(‘/ I‘*“J I\'J—U
radial=radial) o [EHERYNI—INSDFHEFBATRYA

KPConv (RIN\=ZRA> R I>AR1—33>

n

self.1ln2 = nn.LayerNorm(out_channels//f_dscale) ﬁ:ruw@ T_/;%%%"JL/_CL\5

self.lin = nn.Linear(out_channels//f_dscale, out_channels)
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class Transformer(nn.Module):
def __init_ (self,
d_model,
num_layer=2,
nhead=8,
dim_feedforward=512,
dropout=0
)4
super().__init_ ()
enc = nn.TransformerEncoderLayer(d_model=d_model,
nhead=nhead,
dim_feedforward=dim_feedforward,
dropout=dropout,
batch_first=True,
norm_first=True)
self.enc = nn.TransformerEncoder(enc, num_layers=num_layer)

dec = nn.TransformerDecoderLayer(d_model=d_model,
nhead=nhead,
dim_feedforward=dim_feedforward,
dropout=dropout,
batch_first=True,
norm_first=True)

self.dec = nn.TransformerDecoder(dec, num_layers=num_layer)

self.num_layer = num_layer

F52RATA-N—
o JO-)NLRBHFHERIOIDOVILFAYRB 7T AEICH
IOATA—N—MERAENTVET.
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class CorrespondenceWeighter(nn.Module):
def __init__ (self, weighting='max"'):
super().__init__ ()
self.weighting = weighting
if weighting == 'topk':
self.top_k = 20 # FIXME: make parameter
self.model = nn.Sequential(
nn.Linear(20, 64),
nn.LeakyReLU(),
nn.Linear(64, 64),

5

nn.LeakyReLU( ), ##ﬁﬂdDﬁEﬂﬂﬂ? 0
nn.Linear(64, 1), o EERISEUNA > NIERITBHIC. MICEMRDMEBZIEET
nn.Sigmoid () BEEFEZLET,

)

self.weight_fkt = eval('self.'+weighting) # function name

[
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Get input point clowuds and store them in tensors
data source = torch.tensor({data source, device=dev).float()
data_target = torch.tensor({data_target, device=dev).float()

torch.no_grad():

# Input the source and target pointcloud to DCPCR and get the estimated pose

est pose, , , = model{data target, data source)

fine tune:

# Use GICP for pose refinement
init puess = est_pose.detach().cpu().squeeze().numpy()
est pose = fine_ tuner.refine registration( geom source, geom target, init puess, distance threshold=voxel size¥*5)
est_pose = torch.tensor(est_pose, device=dev, dtype=torch.float)

# Transform the source pointcloud with the predicted transformation matrix (rotation and translation)
ps_t = transform{data_source, est_pose, device=dev)

refine registration(source, target, initial guess, distance_ threshold=2.8):

# Run GICP with a distance threshold defining registration convergence

kernel_threshold = 2.3 * distance_threshold

robust _kernel = o3d.pipelines.registration.@MLoss(kernel threshold)

gcp = o3d.pipelines.registration.TransformationEstimationForGeneralizedICP(robust_kernel)

result = o3d.pipelines.registration.registration_generalized_icp(source, target, distance_threshold, initial_guess, gcp)

result.transformation
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# Read data

input_file = os.path.join{ input_path, filename )
las = laspy.read{input_file)

xyz = np.vstack([las.x, las.y, las.z]).transpose()
point_cloud = o3d.geometry.PointCloud()
point_cloud.points = o3d.utility.Vector3dVector(xyz)

# Center dota

center = point_cloud.get_center()

print({" offset:", center)

point_cloud.translate(-center)

o03d.io.write_point_cloud("tmp_ipsr_input.ply", point_cloud, write_ascii=False, compressed=False, print_progress=True)

# Run iPsA algorithm

print{“Launching iPSR algorithm in a separate process...")
process = subprocess.run(["ipsr.exe", "--in", "tmp_ipsr_input.ply", "--ocut™, "tmp_ipsr_output.ply”, "--depth", "8", "--iters", "25", "--pointWeight", "&", "--neighbors", "18"])
print{"running...")

print{"Process returned:", process.returncode)

# Read the output, and move it baock to the original position, then sgve
print{"Preparing the output...™)

mesh = o3d.io.read_triangle_mesh("tmp_ipsr_cutput.ply™)
mesh.translate(center)

o03d.io.write_triangle mesh{output_file, mesh)

# Delete the temporary files
print{"Cleaning up...")
os.remove ("tmp_ipsr_input.ply™)
os.remove ("tmp_ipsr_output.ply™)
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0 undefined 12 | hbar 24 | treebranch

1 person 13 | powerline 25 | vegetation

2 bbicycle 14 | sign 26 | building

3 vehicle 15 trafficlight 27 | window

4 | truck 16 | fence 28 | windowframe

5 static 17 wakk 29 roof

6 lutte 18 vendin .

curer J 30 | ceiling
7 advert 19 stA.I.rs — )
31 | buildingextension
8 buildingclutter 20 curb - —
- 32 | extensionceiling

9 wallsign 21 ground

10 sunshade 22 road

11 pole 23 | tree

(I BIE(CRAE T 2N ZEAFENET, 1205
0 undefined clear
1 vehicle vehicle + truck
clutter person + bicycle + static + clutter + advert + hbar + sign
+ trafficlight + vending
3 pole pole + tree
4 powerline powerline
5 treebranch treebranch
6 vegetation vegetation
7 wall wall + curb
8 fence fence
9 StA.L.rs StA.L.rs
10 ground ground + road
11 wallclutter buildingclutter + wallsign + sunshade
12 building building + window + windowframe + roof + ceiling +

buildingextension + extensionceiling
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