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In order to improve the building information protectionmethod of urban historical features, this paper combines BIM technology
to study the building information protectionmethod of urban historical features and studies the least-squares �tting technology of
NURBS curves. On this basis, this paper proposes a �tting method of the constrained least-squares method. Moreover, this paper
designs a constrained least-squares method for the requirement of �tting accuracy and gives a method for setting the initial value.
In addition, this paper proposes a NURBS interpolation method based on arc length parameter compensation technology. �e
experimental study veri�es that the building information protectionmethod of urban historical features based on BIM technology
has a good e�ect and can e�ectively promote the building information protection of urban historical features.

1. Introduction

�e spatial environment of urban architectural cultural
heritage is an important carrier of its ontology, and it also
fully nourishes the urban architectural cultural heritage
itself. In the long history of China, the architectural space
environment has been created with strong traditional cul-
tural characteristics and philosophical concepts. Among
them, space is the “qi” of the building, and the building has
become the “section” of the space, and they are interde-
pendent and complementary to each other. At the same
time, the integration of space environment and architecture
has formed the philosophical concept of “Tao follows na-
ture” from nature to nature. �e existence of people requires
“Qi,” and the preservation and continuation of a building
also require its own “Qi,” which is the in�nite bearing and
full nourishment of the space environment for the building
itself. In such a state of coexistence, the spatial environment
of urban architectural cultural heritage also gathers im-
portant historical and cultural information.

A city can be regarded as a collection of all the building
units that make up the city, so all the individual buildings
that make up the city as a whole, regardless of their type, can

be called urban buildings [1]. Literature [2] divides urban
buildings into variable housing and immutable monuments.
�e former can last for centuries in the form of residential
areas from a collective perspective but is in constant change
from a single perspective, while the monument is an in-
variable factor in the city, a single building, or a group of
buildings that have been continuously preserved. Urban
buildings that can become monuments generally have rel-
atively important aesthetic and historical value and have the
symbolic signi�cance of the city or block, so they have
become a constant factor in the city, “re�ecting the history of
the city, the city’s history, the energy of art, being and
memory” [3]. �e protection of the aesthetics and historical
and cultural values of these enduring monuments in cities
has long been the consensus of all walks of life in con-
temporary society. Although there are still di�erent un-
derstandings and inclinations in terms of speci�c protection
methods and concepts, the e�ect of each protection case is
pros and cons. �ere are also many disputes, but with the
conclusion of various protection conventions and charters,
the concept of protection has been deeply rooted in the
hearts of the people, and most urban monuments have been
more or less protected and respected [4]. Compared with the
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enduring monuments, the ordinary urban buildings that
constitute the vast majority of the urban architectural body,
the “housing” in Rossi’s words, are in a state of constant
change in the process of urban development. #e renewal
and development of urban buildings are also a reflection of
the vitality of the city and the materialized embodiment of
the economic development of the city [5]. Whenever the
urban economy is booming or the urbanizationmovement is
advancing vigorously, the scope and degree of renewal and
change of urban buildings will be greatly expanded and
strengthened. #e mix and collage of old and new buildings
from different eras reflect the history and context of urban
development and are also a materialized carrier of urban
time and memory. Although those “eternal” monuments are
more distinctive and symbolic, the overall style and im-
pression of the city are composed of monuments and a large
number of common urban buildings, and compared to those
“eternal” in terms of monuments that remain unchanged for
a long time, the ordinary urban buildings that have been
changing and updating can reflect the vitality of urban
development and prosperity and are the most accurate and
true materialization of urban character traits and social life
[6]. However, judging from the current situation of the rapid
urbanization movement in our country, the research and
understanding of the historical value of these ordinary urban
buildings seem to be still in a conceptual gap.

#e historical value of an urban building lies in the
historical information it carries and conveys, and the
temporal element is the material carrier for carrying and
conveying this information [7]. In general, the temporal
elements of urban buildings can be divided into two cate-
gories. One is the elements that are present at the beginning
of its construction, such as the architectural form, style,
structure, material, and decoration of the building when it is
built [8]; these elements reflect the social economy, culture,
technology, aesthetics, and other aspects of information
when the building is built.#e other type is the elements that
gradually increase in the years after its completion, such as
changes in the maintenance, repair, addition or demolition,
modification, and other behaviors of the building in the
future, in addition to the impact of the natural environment
on the building, such as Erosion and weathering of materials,
attachment of plants, and traces of animal life [9]. For the
former type of elements, we can call them native elements,
while the latter can be called additive elements. For the
protection of the historical value of urban buildings, the
specific action is to protect these temporal elements, but
there are always different opinions on which temporal el-
ements are more in the position of limited protection [10].
For the protection and restoration of historical buildings, the
current two main schools are based on different under-
standings of the above two types of temporal elements.
Literature [11] believes that “restoration in a sense is to
restore the originality of the original style of the building, for
which all subsequent additions must be removed.” #ere is
something that has never existed in the original. And the
authenticity restoration also pays enough attention to the
superimposed time element. Literature [12] put forward the
idea of “documentary restoration,” relying on critical

stylistic restoration. A falsification of art is a trap left to
future generations. It advocates the principle of identifi-
ability of newly repaired parts, and the repaired and added
parts should be clearly distinguished from the old body in
terms of materials and methods, so as to protect the his-
torical authenticity of the heritage. It can be said that Poyeo’s
proposition has created a road of authenticity and resto-
ration in the protection of historical buildings.

In the work of historical building protection, massive
image analysis and data management will be involved from
the preliminary status survey, design stage, construction
stage, and later supervision and maintenance process, and
each historical building is an independent individual. To
conduct comparative research on them, we extract their
characteristics and commonalities to provide certain deci-
sion support for the study of the urban context, which all
involve the timely and accurate acquisition and analysis of
massive data. In recent years, the analysis and collection of
massive visual data have become one of the research di-
rections of BIM [13]. At the same time, the management of
historical building protection business needs to be supported
by many information resource databases, such as historical
building original database, historical building maintenance
information database, historical building maintenance en-
gineering method database, historical building knowledge
database, historical building material knowledge database,
and historical building job responsibilities knowledge [14].
How to collect, store, and extract these single and frag-
mented historical data is necessary to collect data quickly
and effectively and integrate it into the building information
model and integrate it into the system database. #e
knowledge base of historical buildings not only has a large
amount of data but also changes rapidly with the passage of
time and technological innovation, and a tracking and
monitoring mechanism needs to be established [15].

#e visual display of historical buildings is mainly to
construct three-dimensional models of building compo-
nents according to the real size of historical buildings. By
entering the integrated information of component param-
eters in BIM, combined with the relevant data collected in
the monitoring and management of pests and diseases, it is
possible to realize the comprehensive data body of building
information with the static building model of the historical
building as the spatial reference and the dynamicmonitoring
pest information as the linkage display object and then
realize the visualization of early building 3D model scene,
the visualization of building diseases and insect pests, and
the visualization of building health status [16]. #e 3D vi-
sualization of historical buildings mainly collects the real 3D
data of historical buildings, realizes the fast and convenient
real 3D digitization of historical buildings, and can be
browsed and displayed through the mobile terminal. #e
most important part of the visualization of 3D real scenes is
to realize the visualization of the mobile terminal display
system. For example, basic functions such as browsing,
zooming in, and zooming out of historical buildings can be
performed in the mobile terminal, and certain interactive
data query and analysis functions can be assisted, which can
provide a variety of roaming methods to meet the needs of
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different users [17]. #e visualization of pests and diseases in
historical buildings is based on the collection and entry of
monitoring data of pests and diseases and presents the health
status of buildings in real time and dynamically. #ese
contents can include the entry, modification, and deletion of
the attribute data and picture data of the information points
of pests and diseases, the visualization of the 3D scene of the
monitoring information of the pests and diseases of the
ancient buildings, the query of the information points of the
pests and diseases, the statistics of the distribution of the
pests and diseases, and the export of the query information
of the disaster points, etc. [18].

#is paper combines BIM technology to study the
method of building information protection of urban his-
torical features and constructs an intelligent method to
improve the effectiveness of building information protection
of urban historical features.

2. Building Structure Curve Algorithm

2.1. Linear Interpolation. #e interpolation of the parameter
curve is mainly divided into the following three categories:
speed control interpolation, uniform interpolation, and
interpolation that automatically adjusts the feed speed. #e
parameter increment of uniform interpolation is a constant,
which cannot automatically adjust the speed change, and is
generally not used for parameter curve interpolation. #e
interpolation that automatically adjusts the feed speed is
actually proposed on the basis of uniform interpolation. #e
speed and time are functional relationships, and the algo-
rithm is the same as that of uniform interpolation. Currently,
the most commonly used is nonuniform rational B-spline
interpolation. Using the first-order approximation of the
Taylor expansion method can realize the uniform change of
the feed rate, and the second-order approximation of the
Taylor expansion method can realize the smooth transition
of the feed rate and reduce the speed fluctuation. However,
these algorithms only consider the problem of interpolation
feed speed control and do not consider the accuracy of
interpolation processing parts.

Figure 1 shows the overall structure of the NURBS in-
terpolation algorithm. #e first is the processing of inter-
polation speed, which is divided into real-time interpolation
processing and non-real-time interpolation processing. #e
traditional interpolation processing usually adopts inter-
polation preprocessing, and a large number of straight line
segments or arc segments approximate the curve. #e data
information of these straight line segments or arc segments
is read into the interpolation memory, and the planning of
the velocity between the solution point segments and the
planning of the acceleration at the transition point is pro-
cessed. #is approach is often referred to as the look-ahead
approach. #e NURBS interpolation process is more
complicated, and it is difficult to calculate it in real time
during the interpolation process. Most of the current re-
search methods are offline preprocessing before the inter-
polation process. #e main research contents of
interpolation preprocessing are speed processing planning
of NURBS curve interpolation, detection of speed-sensitive

areas, acceleration control planning at curvature changes,
and speed processing at speed transition points.

2.2. &e Principle of Direct Interpolation of NURBS Curve.
A NURBS is completely defined by four parameters: weight
factor, control vertex, node vector, and basis function. #ese
four parameters are the key to the commands of the
building’s intelligent structure drawing system.#e building
intelligent structure drawing system performs real-time
calculations to generate the NURBS curve and drives the
machine tool according to the preset feed speed to process
the shape of the NURBS curve and surface.

We assume that the parametric equation of a NURBS
curve is

C(u) � [x(u)y(u)z(u)]. (1)

#e time function u is the curve parameter, denoted as
u(ti) � ui, u(ti+1) � ui+1. By Taylor expansion of the pa-
rameter u with respect to time t, the first-order approximate
expression can be obtained:

ui+1 � ui +
du

dt
|t�ti

ti+1 − ti( 􏼁. (2)

T � ti+1 − ti, T is the interpolation period.
#e second-order approximate expression for the pa-

rameter u is

ui+1 � ui +
du

dt
|t�ti

ti+1 − ti( 􏼁 +
1
2

d2u

dt2
|t�ti

ti+1 − ti( 􏼁
2
. (3)

#e contour errors of the first-order and second-order
approximate recurrences are basically equal. If the instan-
taneous velocity at the curve interpolation point is v′(t),
then,

Speed planning

Calculate the
parameter variable,

u1

Calculate curve
coordinates

Detection of arch
height error

Kinetic filtering
processing

Correct the speed
by certain rules

Recalculate the
parameters

Calculate curve
coordinatesPass

Overspeed

Figure 1: Structure diagram of NURBS interpolation algorithm.
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v′(t) �
ds

dt
�

ds

du

du

dt
,

du

dt
�

v′(t)

ds/du
.

(4)

Usually, the curve speed v′(t) is not the machining feed
speed b, because the machining feed speed is the ratio of the
tiny straight line segment to the feed time, and the curve feed
speed is the ratio of the arc length of the tiny curve segment
to the feed time. Because the feed time during interpolation
is relatively short, it is approximately considered that the
microcurve segment is equal to the microstraightness; that
is, the curve speed v′(t) is equal to the machining feed speed
v(t).

Among them,

ds

du
�

���������������

x′
2

􏼒 􏼓 + y′2􏼐 􏼑 + z′
􏽲

,

x � px(u)y � py(u)z � pz(u),

x′ �
dpx(u)

du
y′ �

dpy(u)

du
z′ �

dpz(u)

du
.

(5)

From the above formula, du/dt � v(t)/�����������������

(x′)2 + (y′)2 + (z′)2
􏽱

can be deduced.
#e first-order approximate expression ui+1 � ui+ Tv(t)/�����������������

(x′)2 + (y′)2 + (z′)2
􏽱

can be obtained.
In the interpolation process, the next interpolation point

position Ci+1 can be obtained by substituting ui+1 into the
NURBS curve equation. Obviously, this calculation will
cause a certain bow height error, that is, the normal distance
between the fitted straight line segment and the curved arc.

2.3. NURBS Curve Interpolation Process. #e flowchart of
NURBS curve interpolation is shown in Figure 2.

3. NURBS Curve Fitting Technique

Compared with Bezier curves and B-spline curves, NURBS
curves can express complex free-form surfaces more flexibly
and accurately and are uniquely determined by the Inter-
national Organization for Standardization (ISO) as the
expression form of free-form surfaces and geometric
products. Moreover, it has been successfully applied in the
field of CAD/CAM/CNC.

Compared with Bezier curves and B-spline curves,
NURBS curves can express complex free-form surfaces more
flexibly and accurately and are uniquely determined by the
International Organization for Standardization (ISO) as the
expression form of free-form surfaces and geometric
products. Moreover, it has been successfully applied in the
field of CAD/CAM/CNC. #e vertical distance obtained by
projecting the building information point Qi onto the curve
is called the approximation error ei. It is stipulated that the
approximation error ei of each building information point
cannot be greater than the maximum error limit E, and the
curve is required to pass through Q0 and Qm. #erefore, it
can be concluded from the conditions of the above two
fitting methods that the fitting method is generally used.

3.1. Least Squares Fitting. #e least-squares fitting of the
NURBS curve is performed on the coordinate positions of
discrete building information points, and the trajectory path
of the building is generated by fitting. In the fitting process,
the fitted NURBS curve data information and error limit E
should be input at the same time. In order to avoid nonlinear
problems, we generally take the weight factor ω � 1, assume
P≥ 1, n≥P, give Q0 · · · · · · Qm, and try to find a P-th NURBS
curve:

C(u) � 􏽘
n

i�0
N
i,p

(u)Pi u ∈ [0]. (6)

Gets the
NURBS parameter curve

Set the interpolation
 feed speed v, to get the

interpolation point speed

The feed increment
ΔL is calculated from the

feed speed v

The next
 interpolation is calculated

from the current interpolation
point

The coordinates
of the next interpolation point
are calculated from the curve

equation

Compute the
coordinates in the
interpolation cycle

Complete the
interpolation calculation

Figure 2: Flow chart of NURBS curve interpolation.
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Practice shows that chord length parameterization can
usually achieve ideal results. When a set of building structure
data point sequences Qi (i � 0, 1, 2, . . . , m) is known, its
chord length parameterization is as follows.

#e total chord length is

L � 􏽘
k

i�1
Qi − Qi−1

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌,

uk � uk−1 +
Qk − Qk−1

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

􏽐
n
k−1 Qk − Qk−1

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
, k � 1, 2, . . . m − 1.

(7)

#en, u0 � 0; un � 1.
We set the node vector U � u0, · · · , ur􏼈 􏼉 and the pa-

rameter value uk􏼈 􏼉 of each data point, and the configuration
of the node should be distributed according to the parameter
value uk􏼈 􏼉. If c is a positive real number, i � int(d) represents
the largest integer equal to or less than c. A total of n + q + 2
nodes are needed, so there are n-q inner nodes and n− q+ 1
inner node intervals. Some researchers have proposed the
following methods to determine inner nodes:

c �
m + 1

n − q + 1
. (8)

#e inner node of the domain is i � int(jc), α � jc − i:

uq+j � (1 − α)ui−1 + αui, j � 1, 2, . . . , n − q. (9)

Formula (9) ensures that each node interval includes at
least one uk􏼈 􏼉.

Two conditions for building information point ap-
proximation are satisfied:

(1) It is necessary to ensure that the start and end points
of the building information points coincide with the
spline curve, namely: C(U0) � Q0, C(Um) � Qm;

(2) #e remaining data points Qi (i � 1, 2, . . . , m − 1)

are approximated by the least-squares method; that
is, the objective function is

f � 􏽘
m−1

j�1
JQ

∼

− j
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
C

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

, (10)

where Di(i � 1, 2, . . . , n − 1) is the minimum value
of n− 1 control vertices, and 􏽥uj(j � 1, 2, . . . , m) is
the precomputed parameter value.

In general, a curve approximated by least squares cannot
pass exactly through the data point Qj (j � 1, 2, . . . , m −

1) and C(􏽥uj) is not the closest point on the curve to the point
Qi. We set

Rj � Qj−,0N( 􏽥kj)∀Qn,

k( ∼ N)m,

Q, . . . , j � 1.

(11)

When the parameter values 􏽥uj and (11) are substituted
into formula (10), we have

f � 􏽘
m−1

j�1
Rj · Rj − 2 􏽘

n−1

i�1
Ni, k(􏽥uj) Rj · Di􏼐 􏼑 + 􏽘

n−1

i�1
Ni, k 􏽥uj􏼐 􏼑Di

⎛⎝ ⎞⎠ · 􏽘
n−1

i�1
Ni, k 􏽥uj􏼐 􏼑Di

⎛⎝ ⎞⎠⎡⎢⎢⎣ ⎤⎥⎥⎦. (12)

When applying standard linear least-squares fitting
techniques, to minimize the objective function f, it should
make the derivative with respect to n− 1 control points
Di (i � 1, 2, . . . , n − 1) equal to zero. Its first partial de-
rivative is

fmin⇒
zf

zDℓ
� 0, ℓ � 0, 1, . . . , n,

zf

zD ℓ
� 􏽘

m−1

j�1
−2Nℓ,k 􏽥uj􏼐 􏼑Rj + 2Nℓ,k 􏽥uj􏼐 􏼑

n−1
i�1 Ni,k 􏽥uj􏼐 􏼑Di􏼒 􏼓,

That is; 􏽘

n−1

i�1
􏽘

m−1

j�1
Nℓ, k

∼

u j

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
, Ni

∼

u kj

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
􏽘

m−1

j�1
ℓ,

∼

N k

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(13)

Formula (11) is a control point, and D1, D2, . . . , Dn−1 is a
linear equation of unknown quantity. If ℓ � 1, 2, . . . m− 1,
then the equation system of n− 1 equations containing n− 1
unknown quantities is obtained, namely:

N
T
N􏼐 􏼑D � R. (14)

#e matrix (NTN) in formula (12) is positive definite,
and the Gaussian elimination method can be used to solve
the control points.

Among them, N is the (m − 1) × (n − 1) scalar matrix.

N �

N1,k 􏽥u1( 􏼁 · · · Nn−1,k 􏽥u1( 􏼁

⋮ ⋱ ⋮

N1,k 􏽥um−1( 􏼁 · · · Nn−1,k 􏽥um−1( 􏼁

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (15)

R and D are column vectors of n− 1 points.

R �

N1,k 􏽥u1( 􏼁R1 + · · · + N1,k 􏽥um−1( 􏼁Rm−1

⋮

Nn−1,k 􏽥u1( 􏼁R1 + · · · + Nn−1,k 􏽥um−1( 􏼁Rm−1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

D �

D1

⋮

Dn−1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

(16)
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3.2. Constrained Least-Squares Fit. #e distribution of
building information points directly affects the shape of the
NURBS curve. If the building information points are closely
distributed, it is not conducive to the fitting of the NURBS
curve. It is easy to swing and twist at the first and last
positions of the fitted NURBS curve. Moreover, evenly
distributed building information points are easy to fit into a
NURBS curve, and the above problems generally do not
occur. #erefore, controlling the start and end points is
crucial to the shape of the curve formed by the fit. Some-
times, it is also controlled according to the curvature change
at the beginning and end of the curve to ensure a smooth
transition at the connection point between the beginning
and end of the curve. #e constrained fitting problem is
basically a constrained minimization problem, and the
constraint equation is

MD � T, (17)

where M is a matrix with (q + 1) × (n + 1) elements as
scalars, and T is a matrix with (q + 1) × 3. An additional
unknown λk is introduced to solve the constrained least
squares problem according to the operation method of the
Lagrange multiplier method.

A � λk􏼂 􏼃, (18)

is a vector of Lagrange multipliers; each λk has the same
dimension as the Qi􏼈 􏼉 vector. According to the Lagrange
multiplier method, the following expressions equation (17)
for the unknowns D and A are minimized:

S
T

− D
T
N

T
􏼐 􏼑(S − ND) + A

T
(MD − T). (19)

When we take the derivative of D and A separately and
set them to zero, the matrix form of the final solution result
is

N
T
N M

T

M 0
⎡⎣ ⎤⎦

D

A
􏼢 􏼣 �

N
T
Q

T

⎡⎣ ⎤⎦. (20)

We solve the system of equation (20) to get D and A,
where the matrices NTN and M(NTN)− 1MT are invertible
matrices; then,

A � M N
T
N􏼐 􏼑

− 1
M

T
􏼒 􏼓

− 1
M N

T
N􏼐 􏼑

− 1
N

T
Q − T􏼒 􏼓,

D � N
T
N􏼐 􏼑

− 1
N

T
Q − N

T
N􏼐 􏼑

− 1
M

T
A.

(21)

In order to make the curve fit ideally at the beginning
and end points, the derivative values of each order at the
beginning and end points are generally equal to those at the
beginning and end points of the fitted curve. #e first-order
derivative constraint is used here. Its essence is the tangent
vector at the start and end points, and the derivative value
calculated at the start and end points is used as the constraint
derivative of the fitting curve. #e cut-off at the start point is
P0, and the cut-off at the end point is Pn. If

Δuk � uk − uk−1,

qk � Qk − Qk−1,

dk �
qk

Δuk

,

ak �
Δuk

Δuk + Δuk+1
,

(22)

then, Pk � (1 − ak)dk + akdk+1
P0 � 2d1 + P1, Pn � 2dn − Pn−1

.

#en, according to the K-th equation of the NURBS
curve, the first derivative of the beginning and end points of
the curve is obtained as

C′(0) � 􏽘
n

i�0
Ni,p
′ (0)Pi � P0,

C′(1) � 􏽘
n

i�0
Ni,p
′ (1)Pi � Pn.

(23)

#en, the constraints are

M �
N0′(0) N1′(0) . . . Nn

′ (↑

N0′(1) N1′(1) . . . Nn
′ (

⎡⎣ ⎤⎦,

T �
P0

Pm

􏼢 􏼣.

(24)

Finally, the starting and ending control points are ob-
tained according to formula (18), and the remaining control
points can be calculated by the least square method.

3.3. Constrained Fit to Specified Accuracy. Generally, k+ 1
(the least here) control points are used at the beginning of
the iteration, and an approximation curve is obtained by
fitting the building information points with the above
derivation. After each fitting, we can check whether the
curve deviation is less than E according to the maximum
deviation formula until the required approximation error E
is met. When the number of building information points is
equal to the number of control points, the approximation
error E� 0. #e error check calculation formula is

max0≤j≤m min0≤u≤1 Qj − C(u)
􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼒 􏼓. (25)

Control points should be set in advance when calculating
building information points, but the distribution of actual
building information points is very tight. #ese building
information points should be fitted by the NURBS curve,
and the number of control points is relatively large. If these
control points are used as initial control points, the com-
putational load will be large. In this paper, the number of
initial control points is estimated according to the value of
the corner of the building information point.

nint � p + int 􏽘

m

i�1

θi

90
⎛⎝ ⎞⎠ + 2 i � 1, 2∵m. (26)
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Among them, θi � arccQs1
(QiQiQ1i‖ Q1i‖Φi Qi ≤

i � 1, 2; m.
#e number of initial control points set in this way is

more reasonable, which reduces the number of iterations
and avoids the instability of any control point.

3.4. Curve Approximation Algorithm. If the distance be-
tween the fitted NURBS curve and the building information
point exceeds the limit error E, the number of control
vertices should be increased to reduce the fitting error.#ere
is a certain relationship between the change in the number of
control points and the node vector. In this paper, the node
vector is uniformly inserted into the node. Within the de-
fined interval, if the distance between two building infor-
mation points and the fitted curve exceeds the limit error, a
control vertex is added between the two points. #en
continue to detect the distance between the building in-
formation points and the fitted curve, and stop increasing
the number of control points if the distance between the two
is within a limited error. In the iterative process, when
n≥ nint, the number of control points and node vectors is
readjusted for fitting, as shown in Figure 3.

3.5. NURBS Real-Time Interpolation Algorithm. In the
process of drawing and processing building intelligent
structures, it is necessary to obtain the requirements of high
precision of processed parts in the interpolation process. In
this paper, the fluctuation of the feed rate and the contour
error of the machined part are used as the evaluation criteria.
In the NURBS curve interpolation process, the curvature of
the curve interpolation point is usually used to calculate the
contour error Ei at the parameter ui (as shown in Figure 4).

Figure 4 is approximated by a segment of arc to represent
the NURBS curve in the interval u ∈ [u, ui + 1], ρi is the
radius of curvature at u � ui, and ρi � 1/Ki. L � ‖C(ui+1) −

C(ui)‖ , the contour error is represented by the interpolation
point curvature calculation, and the contour error can be
obtained through the geometric relationship as

Ei � ρi −

��������

ρ2 −
Li

2
􏼒 􏼓

􏽲

� ρi −

�������������

ρ2 −
V ui( 􏼁T

2
􏼠 􏼡

2

􏽶
􏽴

.

(27)

Among them, the radius of curvature of the point is
calculated as follows:

ρi �
1

Ki

�
‖dC(u)/du‖

3
u�ui

dC(u)/du × d
2
C(u)/du

2����
����u�ui

. (28)

If the highest contour error required in the machining
process is δ, the feed rate under the required error is

V ui( 􏼁 � 2

��������������

ρ2i − ρi − Emax( 􏼁
2

T

􏽳

. (29)

If Ei satisfies Ei ≤ δ, the interpolation calculation process
will continue with the interpolation calculation of the next
point. If Ei satisfies Ei > δ, the interpolation process will
adjust the feed rate V(ui), return to the current interpolation
point, and recalculate the interpolation of the next point at
the adjusted feed rate.

#e control of acceleration and deceleration in the whole
interpolation process directly affects the stability of the

Cutter location
 point pre-processing

Start

Discrete cutter
location point input

Fit parameter
input

First and last constraint
condition input

Calculate ui, U, nint

Adjustment
parameter

The NURBS
spline is fitted

Max{ei}£E

Compute matrices
M, N, Q, to derive A, P

Output the
control point,

the node vector

Insert the L
control points;

N=nint + l
calculates the
node vector U

n£nmax nint

Yes

No

Yes

No

Figure 3: NURBS curve fitting process for constraints.

L1
E1

p1

C (u1)

C (u)

Figure 4: Geometric relationship of error solving.
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system. By controlling the variation and fluctuation of the
speed to the maximum extent, the vibration of the building
intelligent structure drawing machine tool is reduced. #e
process of S-type acceleration and deceleration is divided
into 7 different stages: decrease deceleration stage, increase
acceleration stage, uniform deceleration stage, uniform
acceleration stage, increase deceleration stage, decrease ac-
celeration stage, and uniform speed stage.

Figure 5 shows the arc length, speed, acceleration, and
increase acceleration curves of the S-type acceleration and
deceleration mode.

#e calculation formula of each stage acceleration of
typical S-shaped acceleration and deceleration is as follows:

a(t) �

Jt, 0≤ t≤T1,

A, T1 ≤ t≤T2,

A − Jt, T2 ≤ t≤T3,

0, T3 ≤ t≤T4,

−Jt, T4 ≤ t≤T5,

−A, T5 ≤ t≤T6,

−A + Jt, T6 ≤ t≤T7.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(30)

#e feed rate can be obtained by integrating a obtained
from the above formula:

f(t) �

fs +
1
2

Jt
2
, 0≤ t≤T1,

f1 + At, T1 ≤ t≤T2,

f2 + At −
1
2

Jt
2
, T2 ≤ t≤T3,

f3, T3 ≤ t≤T4,

f4 −
1
2

Jt
2
, T4 ≤ t≤T5,

f5 − At, T5 ≤ t≤T6,

f6 − At +
1
2

Jt, T6 ≤ t≤T7.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(31)

In the formula, fs is the initial feed rate.
In this paper, parameter compensation is proposed

based on the interpolation point parameters obtained by the
Taylor expansion method, so that the compensated pa-
rameters can accurately express the arc length coordinates of
the NURBS curve. We assume that the spatial parameter
curve is C(u)� [x(u)y(u)z(u)], where u is the curve pa-
rameter. According to the existing interpolation algorithm
of the NURBS curve analyzed above, it can be obtained that
the Taylor expansion method approximates the first order,
and the second-order expression is

ui+1 � ui +
Tsv ui( 􏼁

(
������
dx/du

√
)
2

+(

������

dy/du

􏽱

)
2

+(
�����
dz/du

√
)
2
. (32)

#e above formula is the solution formula of the next
interpolation point obtained by the first-order Taylor ex-
pansion method.

ui+1 � ui +
Tsv ui( 􏼁

(
������
dx/du

√
)
2

+(

������

dy/du

􏽱

)
2

+(
�����
dz/du

√
)
2

+
dx/du + d

2
x/du

2
+ dy/du + d

2
y/du

2
+ dz/du + d

2
z/dz

2
􏽨 􏽩

2 (
������
dx/du

√
)
2

+(

������

dy/du

􏽱

)
2

+(
�����
dz/du

√
)
2

􏼔 􏼕
2 .

(33)

#e above formula is the solution formula of the next
interpolation point obtained by the second-order Taylor
expansion method.

#e cubic polynomial of arc length and parameter can be
expressed as follows: u � a + bS + cS2 + dS3. #e premise of
parameter interpolation is to calculate the temporary pa-
rameter value, which takes the first-order Taylor interpo-
lation as the starting point.

ui+1 � ui+1′ + Δ ui( 􏼁. (34)

Among them, Δ(ui) is the compensation value, ui+1′ is
the temporary parameter value (obtained by the first-
order Taylor expansion method), a cubic polynomial is
established between the positions C(u) and C(u1′ + 1) , the
arc length is the independent variable, and the parameter

Time t

Time t

Time t

Time t

0

0

Feed rate f

Accelerated
speed a

Accelerated
speed J

0

0

J J

-J -J

A

-A

F
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f1

f2

f3 f4
f5

f6

T1

L1
L2

L3

T2 T3

T4 T5 T6 T7

Displacement s

Figure 5: S-type acceleration and deceleration.
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u is the dependent variable. In this case, the solution is
based on a system of equations consisting of two deriv-
atives and two position equations. According to the
knowledge of calculus geometry, u′(S) � 1/C′(u) can be
known. In order to simplify the calculation process, the
arc length can be replaced by the chord length, that is,
L � ‖C(ui) − C(ui+1′)‖. From this, a cubic polynomial can
be established to solve the four parameters a, b, c, and d.
#e four equations established can be represented by a
matrix as follows:

ui

du

dL
|L�0

ui+1′

du

dL

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�

0 0 0 1

0 0 1 0

L
3

L
2

L 1

3L
2 2L 1 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

a

b

c

d

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (35)
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Figure 6: Comprehensive data information of historical buildings.
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It can be obtained that the coefficient vector φ has a
unique solution φ � ϕ− 1 · δ

We assume that the interpolation feed rate is V(ui), and
the displacement in the interpolation period is si � V(ξ).
#e parameter ui+1 is calculated as

ui+1 � a · Si( 􏼁
3

+ b · Si( 􏼁
2

+ c · Si( 􏼁 + d. (36)

Combining the above formula, the four coefficients a, b,
c, and d can be solved.

a �
AL − 2B

L
3 ,

b �
A

2L
−
3(AL − 2B)

3L
2 among: B � u

.

L − u
.

0A � ui+1 − ui − u
.

0L,

c � _u0,

d � ui.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(37)

#e quintic polynomial of the same arc length and
parameters can also be solved in the same way.
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Figure 8: #e process of the traditional way and the BIM way of working.

Table 1: Evaluation of building structure construction.

Num Building structure Num Building structure
1 87.51 12 92.04
2 85.96 13 84.71
3 85.23 14 84.56
4 86.31 15 91.30
5 87.51 16 88.64
6 88.05 17 88.72
7 86.98 18 85.42
8 88.93 19 92.61
9 90.70 20 87.81
10 88.76 21 88.01
11 92.77 22 92.44
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4. Building Information Protection Method of
Urban Historical Style Based on
BIM Technology

#e BIM database does not only refer to geometric figures
but also contains any form of information that can be
recognized by a computer, including any form of record,
description, statistics, and explanation information that can
be recognized by a computer. It includes geometric data with
dimensional parameters, physical data of building compo-
nents, cost data of protection and repair, technical data of
construction technology and procedures, worker data of
related types of work, and status data of building diseases.
#ese data can include geometric data, physical data, eco-
nomic data, technical data, worker data, and status data
(Figure 6). #e construction of a historical building database
can provide a data storage medium for building protection
and repair, information sharing, and interaction. #e da-
tabase of historical buildings includes the geometric data-
base of historical buildings, the database of archives
information, and the database of repair and protection
schemes.

3D laser scanning technology is a data acquisition and
processing technology centered on 3D laser scanning
technology and scanning information processing technol-
ogy. #e complete point cloud loses its own integrity in
various indirect uses, resulting in increased error oppor-
tunities (Figure 7).

Although the existing traditional information collection
methods also use 3D laser scanning technology, as described
above, the later slicing leads to dimensionality reduction of
information, and this 2D use method is not the best way to
cooperate with 3D laser scanning. In the working method
based on the BIM concept, the point cloud always carries 3D
information but can be freely presented in 2D and 3D, and
the point cloud file itself has not changed irreversibly.
#erefore, the application of point cloud based on the BIM
concept avoids the dimensionality reduction of information,
which is more advantageous than the traditional method
(Figure 8).

On the basis of the above model, the effect evaluation of
the building information protection method of urban his-
torical features based on BIM technology is carried out, and
the protection effects of building structure construction and

Table 2: Evaluation of the effect of building information protection methods of urban historical features based on BIM technology.

Num Building information protection Num Building information protection
1 80.66 12 88.73
2 84.14 13 84.76
3 86.68 14 78.99
4 85.07 15 78.29
5 84.78 16 79.98
6 85.95 17 78.94
7 85.72 18 79.04
8 80.03 19 88.58
9 80.65 20 80.05
10 83.32 21 82.69
11 86.31 22 88.37
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Figure 9: Statistical diagram of the evaluation of building structure
construction.
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Figure 10: Statistical diagram of the evaluation of the effect of
building information protection methods for urban historical
features based on BIM technology.
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historical features buildings are evaluated, respectively. #e
results are shown in Tables 1 and 2 and Figures 9 and 10.

#e above experimental studies have verified that the
building information protection method of urban historical
features based on BIM technology has a good effect and can
effectively promote the building information protection of
urban historical features.

5. Conclusion

Architectural cultural heritage is often built through the
careful consideration of craftsmen during the initial con-
struction period, and it has the essence of architectural
entities and the essence of space creation.#e entire building
complex complements its own information expression with
the help of the natural space environment, the ontology is
well-distributed, and the space environment changes and
forms a grand architectural momentum. It is a typical
representative of regional architectural features. From such
existing urban architectural cultural heritage, we can fully
experience the bearing of the space environment on the
ontology, and the space environment nourishes the ontology
in the historical development. #is paper combines BIM
technology to study the building information protection
method of urban historical features. #e experimental study
verifies that the building information protection method of
urban historical features based on BIM technology has a
good effect and can effectively promote the building in-
formation protection of urban historical features.
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