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Background 

Despite decades of success in structural modeling and simulation, in-

situ sensor measurements from an as-built structure often considerably 

differ from the behavior simulated by a computer model. This 

discrepancy between model and reality poses substantial difficulty for 

the development of digital twins, which refer to computer models that 

rely on real-time sensor measurements to constantly update themselves 

in order to mirror the changes in an as-built structure.  To this end, 

recent advances in sensor technologies have enabled growingly large 

amount of field measurements from as-built structures, providing us 

highly detailed and quantified recording of in-situ structural behaviors. 
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http://doi.org/10.1002/stc.2263

Taking structural dynamics for example, how do we improve the digital 

twin so that it can accurately characterize as-built behaviors?

➢ Inverse problem of finding “optimal” parameter values so that the 

digital twin behaves more closely to field measurements;

➢ Formulated as numerical optimization problems – minimize the 

difference between physical measurements and model prediction;

➢ Such optimization problems are often nonconvex, making gradient 

search unable to guarantee global optimality; See Li et al. (2018) 

http://doi.org/10.1002/stc.2263, where the optimization variables are 

𝛼 and (unknown stiffness change) and 𝜓4 (unknown mode entry)

Global minimum (ideal sol.): 𝛼⋆ = −0.1,
𝜓4

⋆ = 1.1537

Saddle point: 𝛼 = −0.9443, 𝜓4 = 1.0

minimize
𝛼,𝜓4

𝑓 𝛼, 𝜓4 = 75.60 + 140.82𝛼 + 231.65𝜓4 + 65.86𝛼2 + 461.18𝜃𝜓4 +

177.46𝜓4
2 + 376.02𝛼𝜓4

2 + 229.53𝛼2𝜓4 + 200.00𝛼2𝜓4
2

subject to −1 ≤ 𝛼 ≤ 1 −2 ≤ 𝜓4 ≤ 2

𝛼 𝛼

𝜓4

𝜓4

𝑓 Saddle point: 
𝛼 = −0.9443, 𝜓4 = 1.0

𝑓 𝛼, 𝜓4  Contour Plot 𝑓 𝛼, 𝜓4  Around Saddle Point: 3D Plot

Branch and Bound (B&B)

➢ Branch-and-bound (B&B) is a specialized algorithm that can 

guarantee global optimality of non-convex optimization problems;

➢ The algorithm is validated for a simple 18-story model in Otsuki et 

al. (2021) https://doi.org/10.1007/s13349-020-00468-3. 

Non-convex function𝑓 𝑥

Step1 (bounding): 

Solve a relaxed & convex 

problem

→ LB of the global optimum

LB

Convex 

relaxation

Step 2: Local gradient search 

obtains a feasible solution of the 

original problem 

→ UB of the global optimum

LB

UB

if |UB – LB|< 𝜉 → terminate

else → Step 3

Step 3 (branching): 

Subdivide the region

LB of 

Region 1
LB of 

Region 2

Step1 

𝑥

SMU Open-Source Package

➢ SMU is an Open-Source MATLAB Package on GitHub for 

Structural Model Updating;

➢ For better chance of achieving global optimality, SMU supports 

search from randomized starting points, and allows flexibility using 

various formulations as well as various optimization toolboxes;

➢ Efficient gradient search using analytically derived Jacobians; 

examples with thousands of DOFs are provided.
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