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1. Executive Summary 
SANTOS™ Human Capability Analysis System 

 
Overview 
SANTOS™ is a physics- and physiology-based digital human simulation system that 
determines what a human being can and cannot physically do under specific 
conditions. 
In litigation involving injury, accidents, or human performance, outcomes often depend on 
answering critical questions about human capability. These questions are frequently 
addressed through expert opinion, which may vary between experts and lack a consistent, 
quantifiable foundation. 
 
SANTOS provides a scientifically grounded alternative by applying established principles of 
biomechanics, physics, and human physiology to evaluate human motion, force 
generation, balance, and fatigue. Rather than relying on subjective interpretation, SANTOS 
computes the physical feasibility of human actions under defined conditions.  
 
 
What Santos Does 
SANTOS analyzes human movement and performance by simulating the body as a 
complete mechanical and physiological system. It evaluates how a person would move, 
react, and perform when subjected to specific environmental conditions, physical 
constraints, and task demands. 
Using validated biomechanical models, SANTOS can: 

• Predict whether a human motion is physically possible  
• Determine the forces and joint torques required to perform a task  
• Evaluate balance and the ability to recover from perturbations (e.g., slips or trips)  
• Assess the impact of fatigue, load, and repetition on performance  
• Compare alternative scenarios to determine how outcomes change under different 

conditions  
The system produces quantitative, reproducible results that define the limits of human 
capability in a given situation. 

 
Why Santos Is Reliable 
SANTOS is grounded in well-established scientific principles, including Newtonian 
mechanics, human biomechanics, and physiological constraints. Its reliability is supported 
by several key factors: 
 
1. Established Scientific Foundations 
SANTOS operates based on widely accepted laws of physics and human biomechanics. 
These principles are the same as those used in engineering, medicine, and human 
performance research. 
2. Predictive Modeling Capability 



 3 Santos Legal Validation Dossier 

Unlike systems that merely replay recorded motion, SANTOS predicts how a human body 
will move under new or hypothetical conditions. This predictive capability allows it to 
evaluate scenarios that were not directly observed. 
3. Validation Against Real Human Data 
SANTOS has been validated through comparison with experimental data, including motion 
capture studies and measured human performance. These validations demonstrate that 
the system can accurately reproduce and predict human movement and force 
requirements within known bounds. 
4. Deterministic and Reproducible Results 
Given the same inputs, SANTOS produces the same results. This repeatability is essential 
for scientific reliability and legal scrutiny. 
5. Transparency of Methodology 
The inputs, assumptions, and computational processes used by SANTOS are clearly 
defined and can be reviewed. This transparency avoids the “black box” problem often 
associated with complex models. 
6. Defined Limits and Conditions of Use 
SANTOS is applied within clearly defined parameters, including known ranges of human 
capability and environmental conditions. Its limitations are explicitly identified, ensuring 
appropriate and responsible use. 
 
Validation and Real-World Use 
SANTOS has been developed and refined over decades of research and application in high-
stakes environments where accurate assessment of human capability is critical.  
 
Military Applications 
SANTOS has been used extensively in military research and development to evaluate 
soldier performance under physically demanding conditions. These applications include:  

• Load carriage and fatigue analysis  
• Task performance under operational constraints  
• Evaluation of physically demanding combat tasks  
• Design and assessment of equipment and environments  

These applications require high levels of accuracy and reliability, as they directly impact 
safety, performance, and mission success. 
 
Industry and Engineering Applications 
In addition to military use, SANTOS has been applied in industrial and engineering 
contexts, including: 

• Ergonomic assessment of workplace tasks  
• Evaluation of lifting, carrying, and repetitive motions  
• Product design and safety analysis  
• Human-system interaction studies  

These applications further demonstrate the system’s ability to analyze real-world human 
performance across a wide range of conditions. 
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Types of Legal Questions Santos Can Answer 
SANTOS is particularly well suited for litigation involving questions of human capability, 
feasibility, and physical limitation. It provides objective, scientifically grounded answers to 
questions such as: 
Slip, Trip, and Fall Cases 

• Could a person have recovered balance after a slip or trip?  
• Was the fall physically unavoidable under the conditions present?  

Workplace Injury and Occupational Cases 
• Was a lifting task within normal human capability?  
• Could fatigue or repetitive motion have contributed to injury?  
• Were the physical demands of a task excessive or unsafe?  

Vehicle and Motion-Related Incidents 
• Could a person have entered, exited, or moved within a vehicle as claimed?  
• Were the timing and physical actions described feasible?  

Product Liability and Ergonomics 
• Was a product design compatible with normal human use?  
• Did the design require forces or motions beyond human capability?  

General Human Performance Questions 
• Was a claimed action physically possible?  
• What level of force, motion, or timing would have been required?  
• How would different conditions (e.g., surface, load, speed) affect the outcome?  

 
 
Conclusion 
SANTOS provides a rigorous, science-based framework for evaluating human capability in 
legal contexts. By combining physics, biomechanics, and physiology, it offers objective and 
reproducible analysis of what a human being can and cannot do under specific conditions. 
This approach reduces reliance on subjective interpretation and enables clearer, more 
consistent evaluation of evidence. As a result, SANTOS supports the legal process by 
providing transparent, quantifiable, and scientifically grounded insight into questions 
that are often central to litigation outcomes. 
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2. Scientific Foundation 
SANTOS™ Human Capability Analysis System 

 
Purpose 
This section establishes that SANTOS™ is grounded in widely accepted scientific 
principles drawn from biomechanics, physics, and human physiology. The system does 
not rely on heuristic assumptions or subjective interpretation; rather, it applies established 
laws governing motion, force, and human performance to compute physically feasible 
outcomes. 
 
Accordingly, SANTOS satisfies a central requirement for admissibility under prevailing legal 
standards: 
 
Its methods are based on known, testable, and accepted scientific principles. 

 
Core Scientific Disciplines 
SANTOS integrates multiple foundational disciplines, each of which is well established in 
both academic research and applied engineering. 

 
1. Biomechanics 
Biomechanics is the scientific study of human movement, focusing on how forces interact 
with the body’s musculoskeletal structure. 
 
SANTOS models the human body as a system of interconnected segments (e.g., limbs, 
torso) linked by joints. Each segment has defined mass, geometry, and inertial properties, 
consistent with standard anthropometric data. The system evaluates:  

• Joint motion and range of motion  
• Muscle-generated forces and resulting joint torques  
• Balance and stability of the body during movement  
• Interaction between the body and external forces (e.g., gravity, contact with 

surfaces, carried loads)  
These biomechanical representations are consistent with methods widely used in clinical 
gait analysis, ergonomic assessment, and human performance research.  

 
2. Rigid Body Dynamics 
SANTOS applies the principles of rigid body dynamics to model how the human body 
moves under the influence of forces. 
Each body segment is treated as a rigid body governed by equations that describe:  

• Translational motion (movement through space)  
• Rotational motion (movement about joints)  
• Interaction between segments through joint constraints  



 6 Santos Legal Validation Dossier 

The system calculates how forces—such as gravity, ground reaction forces, and internal 
muscle forces—produce motion. These calculations are based on standard formulations 
used in mechanical and aerospace engineering. 
Rigid body dynamics provides the mathematical framework that ensures all simulated 
movements are physically consistent and mechanically valid. 

 
3. Optimization-Based Motion Prediction 
A distinguishing feature of SANTOS is its use of optimization methods to predict human 
movement. 
Rather than requiring recorded motion data, SANTOS computes how a human body would 
move by solving for motions that satisfy: 

• Physical laws (forces and motion equations)  
• Physiological constraints (strength, joint limits)  
• Task objectives (e.g., maintaining balance, completing a movement)  

The system identifies motions that minimize or optimize specific criteria, such as:  
• Energy expenditure  
• Effort or fatigue  
• Stability or balance  

Optimization-based modeling is a well-established approach in biomechanics and 
robotics, used to predict realistic human movement when direct observation is 
unavailable. 

 
Underlying Scientific Principles 
The disciplines described above are unified through fundamental physical and 
physiological principles that govern all SANTOS computations. 

 
1. Newtonian Mechanics 
At its core, SANTOS is governed by Newton’s laws of motion, which describe how forces 
produce movement. 
These laws establish that: 

• Motion results from the net forces acting on a body  
• Acceleration is proportional to applied force and inversely proportional to mass  
• Every action has an equal and opposite reaction  

In practical terms, this means: 
• A body cannot accelerate, stop, or change direction without sufficient force  
• If required forces exceed what the human body can generate, the motion is not 

physically possible  
All simulated movements in SANTOS must satisfy these laws, ensuring that results are 
grounded in fundamental physics. 

 
2. Joint Torque Limits 
Human movement is constrained by the maximum torques (rotational forces) that muscles 
can generate at each joint. 
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SANTOS incorporates established data on joint strength and physiological limits, allowing it 
to determine: 

• Whether a required motion exceeds human strength capabilities  
• How force demands are distributed across joints  
• Whether a movement can be sustained or results in failure  

If a simulated task requires joint torques beyond known human limits, SANTOS identifies 
the motion as biomechanically infeasible. 
These constraints are derived from experimental measurements and are widely used in 
ergonomics, rehabilitation, and human performance modeling.  

 
3. Energy and Stability Constraints 
Human movement is also governed by principles of energy efficiency and dynamic stability.  
Energy Considerations 
SANTOS evaluates the energy required to perform a motion, recognizing that: 

• Humans tend to move in ways that minimize energy expenditure  
• Excessive energy demands may indicate impractical or unsustainable motions  

Stability and Balance 
SANTOS analyzes stability by tracking the relationship between the body’s center of mass 
and its base of support. 
This allows the system to determine: 

• Whether balance can be maintained  
• Whether recovery from a perturbation (e.g., slip or trip) is possible  
• The point at which a fall becomes unavoidable  

These analyses are based on well-established principles used in gait analysis, robotics, 
and balance research. 

 
Integration of Principles 
SANTOS integrates biomechanics, rigid body dynamics, and optimization within a unified 
computational framework governed by physical laws and physiological limits.  
Every simulation produced by SANTOS must simultaneously satisfy: 

• The equations of motion (Newtonian mechanics)  
• Anatomical and strength constraints (biomechanics)  
• Task objectives and efficiency criteria (optimization)  

This integration ensures that all predicted movements are: 
• Physically consistent  
• Physiologically plausible  
• Scientifically grounded  

 
Conclusion 
SANTOS is firmly rooted in established, widely accepted scientific disciplines and 
principles, including biomechanics, rigid body dynamics, and optimization-based motion 
prediction. Its computations are governed by Newtonian mechanics, constrained by 
human strength and physiological limits, and informed by principles of energy efficiency 
and stability. 
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Because these foundations are standard in engineering, medicine, and human 
performance science, SANTOS meets a key requirement for admissibility:  
It is grounded in known, testable, and broadly accepted scientific principles. 
This scientific foundation enables SANTOS to provide objective, reproducible, and 
physically valid analyses of human capability in legal contexts. 
 
 
 
  



 9 Santos Legal Validation Dossier 

3. Peer-Reviewed Publications 
SANTOS™ Human Capability Analysis System 

 
These papers were selected to support five core areas: 

1. Predictive modeling: Santos does not simply animate motion; it computes feasible 
human motion using biomechanics, dynamics, and optimization.  

2. Validation: The Santos literature includes explicit posture-validation work and 
broader method-validation work.  

3. Human performance under load: The literature includes lifting, carrying, ladder 
climbing, running, and soldier-task performance. 

4. Operational relevance: Santos has been applied in military settings where 
capability limits, readiness, and injury prevention matter.  

5. Scientific grounding: The underlying work is anchored in accepted biomechanics, 
rigid-body dynamics, and optimization-based motion prediction.  

 
Curated publication list 
Paper Why it matters / plain-English summary 

Abdel-Malek, K., Bhatt, R., Murphy, C., 
& Tena Salais, M. (2022). Santos the 
virtual soldier predicts human 
behavior. 

This is one of the clearest modern statements 
of the Santos concept. In plain terms, it 
explains that Santos is meant to predict what 
a person can physically do in a given task, 
making it especially valuable where a legal 
case turns on whether an action was possible, 
impossible, or likely. 

Abdel-Malek, K., Arora, J., Bhatt, R., 
Farrell, K., Murphy, C., & Kregel, K. 
(2019). Santos: An integrated human 
modeling and simulation platform. 

This paper presents Santos as a complete 
human modeling platform rather than a single 
narrow algorithm. It is useful in court because 
it shows Santos is a mature, integrated 
system for analyzing human movement, 
posture, capability, and task interaction. 

Abdel-Malek, K., et al. (2009). A 
physics-based digital human model. 

This is a foundational paper for showing that 
Santos is rooted in physics-based modeling, 
not subjective opinion. In plain language, it 
supports the argument that the system uses 
accepted mechanics to determine whether the 
body can generate the motions and forces 
required by a task. 

Abdel-Malek, K., et al. (2006). Santos: A 
physics-based digital human 
simulation environment. 

This early paper is important because it shows 
the scientific intent from the start: building a 
digital human around biomechanics and task 
physics. It helps explain that Santos was not 
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Paper Why it matters / plain-English summary 

created as courtroom graphics, but as a 
serious engineering and human-performance 
tool. 

Abdel-Malek, K., et al. (2007). 
Development of the virtual-human 
Santos™. 

This publication helps establish the 
developmental history of Santos. It is useful for 
demonstrating that the model evolved through 
systematic scientific work, rather than being an 
ad hoc or litigation-specific construct. 

Xiang, Y., Arora, J. S., & Abdel-Malek, K. 
(2009/2010). Predictive dynamics: an 
optimization-based novel approach for 
human motion simulation. 

This is one of the most important methods 
papers in the Santos literature. It explains, in 
essence, how the model computes physically 
feasible motion by solving an optimization 
problem subject to dynamics and task 
constraints, which is central to defending the 
model’s scientific basis. 

Xiang, Y., Arora, J. S., & Abdel-Malek, K. 
(2010). Physics-based modeling and 
simulation of human walking: a review 
of optimization-based and other 
approaches. 

This review is valuable because it places the 
Santos approach in the broader scientific 
literature. For judges and lawyers, it shows that 
predictive human-motion modeling is part of a 
recognized field, not an isolated or fringe 
method. 

Xiang, Y., Arora, J. S., Rahmatalla, S., 
Marler, T., Bhatt, R., & Abdel-Malek, K. 
(2010). Human lifting simulation using a 
multi-objective optimization approach. 

This paper is particularly relevant to injury and 
workplace cases. In plain English, it shows how 
the model can analyze lifting tasks, compare 
different movement strategies, and evaluate 
the physical demands placed on the body. 

Xiang, Y., Arora, J. S., & Abdel-Malek, K. 
(2012). 3D human lifting motion 
prediction with different performance 
measures. 

This publication strengthens the lifting 
literature by showing that different objective 
criteria can produce different predicted 
motions. For legal purposes, it helps show that 
Santos can examine alternative plausible 
human strategies rather than forcing a single 
rigid result. 

Xiang, Y., et al. (2012). Predictive 
simulation of human walking 
transitions using an optimization 
formulation. 

This paper matters because many accidents 
occur during changes in gait, stance, or 
movement phase. It helps support Santos’ 
usefulness in cases involving slips, trips, 
stepping transitions, and moments where 
balance recovery is at issue. 
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Paper Why it matters / plain-English summary 

Chung, H.-J., Xiang, Y., Hariri, M., Bhatt, 
R., Arora, J. S., & Abdel-Malek, K. 
(2013). Predictive simulation of human 
ladder climbing. 

Ladder and climbing cases are common in 
occupational and premises litigation. This 
paper shows that Santos can be extended to 
realistic whole-body tasks involving changing 
support points, balance, and force generation 
under constrained movement. 

Chung, H.-J., Xiang, Y., Arora, J. S., & 
Abdel-Malek, K. (2015). Optimization-
based dynamic 3D human running 
prediction: effects of foot location and 
orientation. 

This paper is useful because it addresses how 
small changes in foot placement and 
orientation affect motion outcomes. In plain 
language, it supports the idea that Santos can 
test whether a different foot strike or step 
geometry would materially change the result in 
an accident scenario. 

Yang, J., Rahmatalla, S., Marler, T., 
Abdel-Malek, K., & Harrison, C. (2007). 
Validation of predicted posture for the 
virtual human Santos. 

This is a key validation paper. It is especially 
important in a legal dossier because it directly 
addresses whether the postures predicted by 
Santos resemble those adopted by real 
humans. 

Marler, T., Yang, J., Rahmatalla, S., 
Abdel-Malek, K., & Harrison, C. (2007). 
Validation methodology development 
for predicted posture. 

This paper is valuable because it addresses 
how validation should be done, not just the 
results of one example. That helps show the 
court that the Santos team approached 
validation systematically and with scientific 
discipline. 

Seydel, A., Farrell, K., Johnson, R., 
Marler, T., Rahmatalla, S., Bhatt, R., & 
Abdel-Malek, K. (2017). Improved 
motion capture processing for high-
fidelity human models using 
optimization-based prediction of 
posture and anthropometry. 

This paper is useful where case evidence 
includes video or motion-derived 
measurements. In plain English, it shows how 
measured motion information can be improved 
and integrated with a high-fidelity model, 
which helps bridge real-world evidence and 
simulation. 

Frey-Law, L. A., Bhatt, R., Schneider, R., 
Mosqueda, G. L., Tena Salais, M., 
Evans, L., & Abdel-Malek, K. (2022). 
Modeling ability to perform common 
soldier tasks based on the Army 
Combat Fitness Test dead lift. 

This is especially helpful for demonstrating 
human performance under load. It connects 
measurable physical capacity to the ability to 
perform real tasks, which is directly relevant 
when legal questions involve whether a person 
could lift, carry, drag, climb, or maneuver 
under demanding conditions. 

Abdel-Malek, K., Bhatt, R., Frey-Law, L., 
Murphy, C., Mohammad, B., et al. 

This recent work is useful because it shows 
Santos being applied to current, operationally 
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Paper Why it matters / plain-English summary 

(2025). Enhancing Soldier Readiness: 
Biomechanical Evaluation of the US 
Army Combat Fitness Test Using 
Santos Digital Human Modeling. 

relevant performance questions. For a legal 
audience, it reinforces that the model is still 
active, current, and being used to examine 
physically demanding tasks in a high-
consequence setting. 

Sultan, S., Abdel-Malek, K., Arora, J. S., 
Bhatt, R., & Marler, T. (2016). An 
integrated computational simulation 
system for injury assessment. 

This paper extends Santos-style modeling 
beyond motion alone and toward injury-related 
interpretation. It is useful in cases where the 
question is not just what movement was 
possible, but whether repeated loading or task 
demands could plausibly contribute to injury. 

Sultan, S., Abdel-Malek, K., Arora, J. S., 
& Bhatt, R. (2017/2018). Human 
simulation system for injury 
assessment due to repetitive loading / 
Repetitive-Task Ankle Joint Injury 
Assessment Using Artificial Neural 
Network. 

These papers broaden the dossier beyond 
acute incidents to repetitive-load and overuse 
conditions. They are useful for showing that the 
Santos research program also addresses 
fatigue, cumulative stress, and injury 
mechanisms, not only single-motion events. 
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4. Validation & Verification  
SANTOS™ Human Capability Analysis System 
 

Purpose 
This section demonstrates that SANTOS™ is not only grounded in established science, but 
has been systematically validated against real human performance data using accepted 
experimental and statistical methods. 
For legal admissibility, this directly addresses the critical question:  
“Has the method been tested and validated?” → YES 
 
1. Experimental Validation of Human Posture Prediction  
One of the most important validation efforts for Santos is the experimental comparison 
between predicted motion and real human behavior. 
 
Key Study: 
Validation of Predicted Posture for the Virtual Human Santos™ (Yang et al., 2007) 
What was done: 

• Human subjects (multiple percentiles: male/female, small to large body sizes)  
• Performed realistic tasks (e.g., reaching inside a vehicle)  
• Motion capture was used to record:  

o Joint angles  
o Joint center positions  

• Santos simulations were run for the same tasks  
What was measured: 

• Statistical agreement between predicted and actual motion  
• Metrics included:  

o R² (correlation)  
o Confidence intervals  
o Regression slopes  

Key finding: 
Predicted postures matched real human motion closely and were deemed realistic  
Legal significance: 

• Demonstrates direct experimental validation  
• Shows Santos produces realistic human motion, not arbitrary animation  

 
2. Multi-Domain Validation Methodology 
Key Study: 
Validation Methodology Development for Predicted Posture (Marler et al., 2007)  
 
What this contributes: 
Instead of validating a single case, this work establishes a systematic framework for 
validation, including: 
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• Validation across different body types (percentiles)  
• Validation across different tasks  
• Validation using statistical criteria  

 
Key insight: 
Validation must be performed across multiple domains (subjects, tasks, and metrics), not 
just one scenario. 
 
Legal significance: 

• Shows Santos validation is structured and repeatable  
• Not a one-off or anecdotal validation  
• Supports methodological rigor under Daubert  

 
3. Optimization-Based Predictive Validation 
Key Study: 
Validation of Santos Biomechanics / Predictive Dynamics Framework  
 
What was validated: 

• Optimization-based motion prediction  
• Multi-objective cost functions (e.g., effort, energy, discomfort)  

 
Key result: 
The predictive dynamics framework produces physically consistent and realistic human 
motion when compared to observed behavior  
 
Legal significance: 

• Validates the core computational engine  
• Confirms that:  

o Motion is not assumed  
o Motion is derived from physics + constraints  

 
4. Validation Against Real-World Tasks 
Santos validation is not limited to abstract motion—it includes realistic human tasks, such 
as: 

• Reaching tasks (vehicle interiors)  
• Lifting tasks  
• Walking and transitions  
• Climbing and complex motion  

 
Example (from validation study): 

• Subjects performed four realistic in-vehicle tasks  
• Santos predicted those same tasks  
• Results showed strong agreement across all tasks  
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Legal significance: 
• Demonstrates external validity  
• Santos applies to real-world scenarios, not just lab conditions  

 
5. Statistical Validation Criteria 
Across Santos validation studies, the following quantitative criteria are used:  

• R² (coefficient of determination) → measures agreement between model and human 
data  

• Regression slope → measures accuracy of prediction  
• Confidence intervals → quantify uncertainty  

 
Key result: 

• R² values typically show strong correlation  
• Slopes close to 1 indicate accurate prediction  

 
Legal significance: 

• Provides quantifiable error and accuracy measures  
• Directly supports: 

“Are there known error rates?” → YES 
 
6. Validation Across Human Variability 
Validation includes: 

• Different body sizes (percentiles)  
• Male and female subjects  
• Different task conditions  

 
Key insight: 
Santos predictions remain consistent across: 

• Anthropometric variation  
• Task complexity  

 
Legal significance: 

• Shows Santos is not tuned to a single individual  
• Supports general applicability to populations  

 
7. Physics-Based Validation (Not Data Fitting) 
Unlike purely statistical models: 
Santos validation confirms that: 

• Motion emerges from physics + constraints  
• Not from curve fitting or interpolation  

 
Key principle: 
If required forces or torques exceed human limits, the motion is rejected as infeasible.  
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Legal significance: 
• Prevents “overfitting” criticism  
• Supports argument that Santos is: 

A first-principles model, not a statistical guess 
 
8. Transparency and Reproducibility 
Validation studies clearly define: 

• Inputs  
• Experimental setup  
• Measurement techniques  
• Statistical criteria  

 
Key outcome: 

• Results are repeatable  
• Methods are auditable  

 
Legal significance: 

• Counters “black box” criticism  
• Supports: 

“Can this be independently tested?” → YES 
 

 
Conclusion 
The validation body of work for SANTOS demonstrates that: 

• It has been experimentally validated against real human motion  
• It uses accepted statistical measures of accuracy  
• It has been tested across multiple tasks and populations  
• Its predictions are governed by physics and physiological constraints, not 

assumptions 
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5. Error Rates & Uncertainty Quantification 
SANTOS™ Human Capability Analysis System 
 
Purpose 
This section defines the accuracy, uncertainty, and limitations of SANTOS predictions 
using established statistical and biomechanical validation methods.  
It directly addresses a central admissibility question: 
“Are the error rates known and quantifiable?” → YES 
 
1. Range of Prediction Accuracy 

SANTOS accuracy has been evaluated by comparing predicted motion to 
experimentally measured human motion (e.g., motion capture studies). 
Metrics used: 

• Joint angles 
• Joint center positions 
• End-effector (hand/foot) trajectories 

 
General Findings (from validation studies): 

• High correlation between predicted and measured motion  
o R² values typically in the range of ~0.8 to 0.95+ depending on task and joint 
• Regression slopes near 1.0 
o Indicates strong agreement between prediction and observation 

 
Interpretation (plain English): 
Santos predictions closely match how real humans actually move, within a quantifiable 
and scientifically measured range. 
 
Legal significance: 

• Establishes objective accuracy bounds 
• Demonstrates the model is empirically grounded 
 
2. Confidence Intervals 

Validation studies incorporate standard statistical techniques to quantify uncertainty in 
predictions. 
Included measures: 

• Confidence intervals on regression fits 
• Variability across subjects and trials 
• Statistical dispersion of predicted vs actual motion 

 
What this means: 
Instead of a single deterministic claim, Santos results can be interpreted within a 
confidence band that reflects natural human variability and measurement uncertainty.  
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Example interpretation: 
“Predicted joint angles fall within the experimentally observed range of human motion 
with high statistical confidence.” 
 
Legal significance: 

• Demonstrates scientific rigor 
• Allows expert testimony to express conclusions with quantified confidence, not 

absolute claims 
 
3. Known Sources of Uncertainty 
SANTOS explicitly recognizes and accounts for several sources of uncertainty.  
 

A. Anthropometric Variability 
• Differences in body size, proportions, and strength across individuals  
• Addressed by modeling multiple percentiles (e.g., small, average, large individuals)  

 
B. Task Definition and Boundary Conditions 

• Inputs such as: 
o Surface friction 
o Initial posture 
o External loads 
• Small changes in these inputs can affect outcomes 

 
C. Physiological Variability 

• Differences in: 
o Strength 
o Reaction time 
o Fatigue 
• Modeled through established biomechanical limits and ranges  

 
D. Measurement Uncertainty 

• Experimental data (e.g., motion capture) includes: 
o Sensor noise 
o Marker placement variability 

 
E. Modeling Assumptions 

• Rigid body approximations 
• Joint representations 
• Simplified muscle force models 

 
Key principle: 
All uncertainties are identified, bounded, and consistent with accepted biomechanical 
modeling practices 
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Legal significance: 
• Demonstrates transparency 
• Preempts “black box” criticism 
• Shows responsible scientific application 

 
4. Sensitivity and Robustness 

SANTOS has been evaluated for how sensitive results are to input variations. 
 
Findings: 

• Small variations in inputs → small changes in output 
• Large outcome changes occur only when: 
o Physical limits are approached 
o System crosses a feasibility boundary (e.g., balance failure) 

 
Interpretation: 
Conclusions such as “possible vs impossible” are typically robust, not fragile. 
 
Legal significance: 

• Strengthens confidence in conclusions 
• Supports reliability of “threshold” findings (critical in litigation) 
 
5. Deterministic Reproducibility 
SANTOS is a deterministic model: 

• Same inputs → same outputs 
• No randomness or stochastic variation 

 
Implication: 

• Results can be independently reproduced 
• Opposing experts can verify findings 

 
Legal significance: 

• Supports: 
“Can the method be tested independently?” → YES 
 
6. Interpretation of Error in Legal Context 
It is important to distinguish between: 
A. Numerical Error (small) 

• Minor differences in joint angles or trajectories 
B. Feasibility Conclusions (binary/threshold) 

• Whether a motion is physically possible 
 
Key insight: 
Even when small numerical differences exist, conclusions about feasibility (possible vs 
impossible) remain stable and scientifically meaningful. 
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Legal significance: 

• Prevents opposing counsel from overstating minor deviations 
• Reinforces reliability of ultimate conclusions 

 
Conclusion 
SANTOS provides quantified, transparent, and scientifically grounded measures of 
accuracy and uncertainty, including: 

• High agreement with experimental human motion data 
• Statistically defined confidence intervals 
• Clearly identified and bounded sources of uncertainty 
• Robustness to input variation 
• Deterministic, reproducible outputs 

 
Daubert Alignment 
Requirement Santos Response 
Known error rates? Yes – quantified via validation metrics 
Confidence levels? Yes – statistical confidence intervals 
Uncertainty disclosed? Yes – explicitly defined sources 
Reproducible? Yes – deterministic model 
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6.  Legal Admissibility Mapping (Daubert Section) 
SANTOS™ Human Capability Analysis System 

 
Purpose 
This section maps the SANTOS™ methodology to the Daubert standard for admissibility 
of scientific evidence. It demonstrates that SANTOS meets the key criteria used by courts 
to determine whether expert testimony is reliable, relevant, and scientifically valid. 

 
Daubert Mapping Table 
Daubert Factor SANTOS™ Response Supporting Basis Legal Interpretation 

1. Testability 

✔ Yes — SANTOS 
predictions can be 
tested against real 
human motion and 
task performance 

Motion capture validation 
studies; posture 
prediction validation; 
experimental 
comparisons of predicted 
vs. measured human 
motion 

The methodology is 
falsifiable and 
testable, satisfying a 
core scientific 
requirement 

2. Peer Review & 
Publication 

✔ Yes — Extensive 
peer-reviewed 
literature over 
multiple decades 

Publications in 
biomechanics, human 
modeling, optimization, 
and simulation; books and 
journal articles by Karim 
Abdel-Malek and 
collaborators 

Demonstrates that 
methods have been 
scrutinized and 
validated by the 
scientific 
community 

3. Known or 
Potential Error 
Rate 

✔ Yes — Accuracy 
quantified using 
statistical measures 

Reported R² values, 
regression analysis, 
confidence intervals; 
validation against 
experimental data 

Shows quantifiable 
and bounded 
accuracy, not 
subjective estimation 

4. Standards 
Controlling the 
Technique 

✔ Yes — Based on 
established 
scientific and 
engineering 
standards 

Newtonian mechanics, 
biomechanics, rigid body 
dynamics, optimization 
theory; standard 
anthropometric data 

Confirms the method 
follows recognized 
scientific 
frameworks and 
constraints 

5. General 
Acceptance 

✔ Yes — Core 
methods widely 
accepted in 
biomechanics and 
engineering 

Predictive dynamics, 
motion simulation, 
ergonomic modeling are 
standard in academia and 
industry 

Establishes that the 
underlying science is 
not novel or fringe 
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Daubert Factor SANTOS™ Response Supporting Basis Legal Interpretation 

6. 
Reproducibility 

✔ Yes — 
Deterministic model 
produces consistent 
results 

Same inputs yield 
identical outputs; 
methods fully 
documented and 
transparent 

Supports 
independent 
verification and 
repeatability 

7. Transparency / 
Non-Black-Box 

✔ Yes — Inputs, 
assumptions, and 
processes are 
explicitly defined 

Documented modeling 
pipeline; known inputs 
(forces, geometry, 
constraints) 

Counters claims of 
opacity; ensures 
method can be 
examined and 
challenged 

8. Fit to the Case 
(Relevance) 

✔ Yes — Directly 
addresses human 
capability questions 

Applicable to slips, falls, 
lifting, fatigue, motion 
feasibility, and injury 
scenarios 

Provides direct 
assistance to trier of 
fact in determining 
key issues 

9. Alternative 
Explanations 
Considered 

✔ Yes — Multiple 
scenarios can be 
simulated and 
compared 

Ability to vary conditions 
(speed, friction, posture, 
load) and evaluate 
outcomes 

Demonstrates 
robustness and 
completeness of 
analysis 

10. Independent 
Validation 

✔ Yes — Validated 
across tasks, 
populations, and 
experimental setups 

Validation studies across 
anthropometry, task 
types, and environments 

Shows method is not 
case-specific or 
tailored to outcome 

 
Summary Statement 
SANTOS™ satisfies all major Daubert criteria for admissibility: 

• It is testable and has been tested through experimental validation 
• It is supported by peer-reviewed scientific literature 
• It has known and quantifiable accuracy and uncertainty bounds 
• It is grounded in widely accepted scientific principles 
• It produces reproducible and transparent results 
• It is directly relevant to the factual questions at issue in litigation 

 
Key Takeaway 
SANTOS is not a speculative or subjective tool. It is a physics-based, experimentally 
validated, and peer-reviewed scientific methodology that meets the standards required 
for reliable expert evidence in court. 
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7.  Prior Use & Precedent 
SANTOS™ Human Capability Analysis System 
 
Purpose 
This section establishes that SANTOS™ has been applied in real-world, high-stakes 
environments, including military operations, government-funded research, and industrial 
applications. 
Such prior use demonstrates that the methodology is: 

• Not developed for litigation purposes 
• Independently funded and evaluated 
• Used in decision-making contexts where accuracy is critical 

This directly supports admissibility by showing: 
SANTOS is a mature, operationally applied scientific system—not a theoretical or 
experimental construct. 
 
1. Military Applications 
 
 GruntSim / ETOWL (U.S. Navy / ONR) also called SoldierSim 
SANTOS served as the foundational technology for GruntSim (also referred to as ETOWL – 
Enhanced Technologies for Optimization of Warfighter Load), a system developed to 
analyze and reduce the physical burden on soldiers. 

• Funded by the U.S. Office of Naval Research (ONR) 
• Designed to evaluate load carriage, fatigue, and injury risk 
• Used to simulate how soldiers perform under heavy equipment loads  

 

 As described in ONR materials, this technology was developed to:  
• Improve soldier endurance 
• Reduce musculoskeletal injuries 
• Optimize load distribution 

 
SANTOS evolved into SoldierSim, a modern platform used for dynamic assessment of 
soldier performance. 
From the SupaCat / SoldierWorks report: 

• SoldierSim is a biomechanics and physiology simulation tool for burden 
management 

• Developed from the SANTOS platform by the University of Iowa 
• Originated from a multi-year ONR-funded program (ETOWL) 
• Used to evaluate: 

o Load carriage (10 kg, 20 kg, 40 kg scenarios) 
o Spine compression 



 24 Santos Legal Validation Dossier 

o Joint torques 
o Movement performance under load 

 
Key Observations from Military Use 
From dynamic assessments: 

• Quantitative outputs include: 
o Spine compression forces (in Newtons) 
o Joint torque values 
o Ground reaction forces 

• Example finding: 
o Load carriage scenarios produced measurable differences in 

biomechanical stress 
o Even small variations (e.g., boot presence, load placement) produced 

consistent and interpretable changes 
 
Legal Significance 

• Demonstrates real-world operational deployment 
• Confirms ability to analyze human performance under load and stress 
• Shows outputs are: 

o Quantitative 
o Repeatable 
o Used for decision-making 

 
 
2. Army Combat Fitness Test (ACFT) Applications 
SANTOS has been used to evaluate the relationship between physical fitness and task 
performance in military contexts. 
Example Applications: 

• Modeling ability to perform soldier tasks (e.g., lifting, carrying, movement)  
• Evaluating whether fitness metrics correspond to real-world physical demands 

 
Key Contribution: 
SANTOS links measurable physical capability (e.g., strength) to task feasibility and 
performance outcomes 

 
Legal Significance: 

• Demonstrates predictive capability tied to real human performance 
• Shows application in: 

o Strength-based tasks 
o Functional movement analysis 

• Directly relevant to: 
o Workplace injury 
o Lifting capability 
o Physical feasibility disputes 
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3. Government-Funded Research 
A. Office of Naval Research (ONR) 
SANTOS development has been supported by substantial federal funding:  

• Multi-year ONR programs (including ETOWL) 
• Focus on: 

o Injury prevention 
o Load optimization 
o Soldier performance 

 
B. U.S. Department of Defense Funding 

• Over $20M+ in research funding 
• Long-term development since early 2000s 
• Used across: 

o Army 
o Navy 
o Marine Corps 

 
C. Armor Design Applications (U.S. Army) 
SANTOS has been used to support: 

• Design and evaluation of body armor systems 
• Assessment of: 

o Mobility constraints 
o Load distribution 
o Interaction between equipment and human movement 

 
Legal significance: 

• Demonstrates independent funding and validation 
• Shows use in: 

o Safety-critical design decisions 
o Engineering evaluation of human limits 

 
4. Industry Applications 
A. Automotive Industry (Ford Motor Company) 
SANTOS has been used in ergonomic analysis for vehicle design.  

• Applied to evaluate: 
o Human reach 
o Posture 
o accessibility 

• Helps determine whether designs are: 
o Safe 
o Usable 
o Within human capability 
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Legal significance: 
• Demonstrates cross-industry adoption 
• Confirms applicability beyond military use 
• Relevant to: 

o Product liability 
o Ergonomic design disputes 

 
B. Defense Industry Example: SupaCat / SoldierWorks 
SANTOS (via SoldierSim) was used in a formal defense-sector project to evaluate human 
performance under equipment load. 
From the final report: 

• Used to conduct dynamic simulations of soldiers performing tasks 
• Evaluated: 

o Load carriage (up to 40 kg) 
o Movement scenarios (e.g., stair ascent) 
o Biomechanical outputs (torque, compression, forces) 

• Demonstrated ability to: 
o Compare different equipment configurations 
o Assess impact on performance and injury risk 
o Provide quantitative outputs for decision-making 

 
Key Insight from SupaCat Work: 
The system was used not just for visualization, but for engineering-level assessment of 
human performance under realistic conditions 

 
Legal significance: 

• Confirms independent third-party use 
• Demonstrates: 

o Practical applicability 
o Real-world testing 

• Strengthens argument that Santos is: 
An accepted tool in engineering and human performance analysis 
 
 
5. Overall Precedent Strength 
Across military, government, and industry applications, SANTOS demonstrates:  
✔ Independent Development 

• Funded by government agencies (ONR, DoD) 
✔ Operational Use 

• Applied in soldier performance and equipment design 
✔ Engineering Application 

• Used in real-world system evaluation (e.g., armor, vehicles) 
✔ Third-Party Adoption 
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• Used outside the University of Iowa (e.g., SupaCat / SoldierWorks)  
 
Conclusion 
SANTOS has a substantial record of prior use in high-consequence environments, 
including: 

• U.S. military performance analysis 
• Government-funded injury prevention research 
• Industrial ergonomic design 
• Defense-sector evaluation projects 

These applications demonstrate that SANTOS: 
• Has been independently developed and funded 
• Has been applied outside of litigation 
• Produces quantitative, decision-relevant outputs 
• Is trusted in contexts where accuracy and reliability are essential 

 
Key Takeaway for Court 
SANTOS is not a novel or litigation-driven methodology—it is a proven, operational 
system used by military, government, and industry organizations to evaluate human 
capability under real-world conditions. 
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8. Methodology Transparency 
SANTOS™ Human Capability Analysis System 
 
Purpose 
This section demonstrates that SANTOS™ is a fully transparent, physics-based and 
physiology-based computational methodology whose structure, inputs, equations, and 
outputs are explicitly defined in peer-reviewed literature. 
 
It addresses a critical admissibility question: 
“Can the methodology be examined, understood, and independently evaluated?” → 
YES 
 
1. Explicit Mathematical Formulation (Not a Black Box) 
From foundational Santos publications: 

• The human body is modeled as a multi-body mechanical system: 
o Links (bones) 
o Joints (degrees of freedom) 

• Example: 
o ~100+ DOF skeletal system (up to ~215 DOF in advanced models)  

 
Key transparency feature: 
The entire system is governed by explicit equations of motion derived from Newtonian / 
Lagrangian mechanics (Academia) 
 
What is explicitly defined: 

• Design variables: 
o Joint angles over time 

• Constraints: 
o Joint limits 
o physics laws 

• Objective functions: 
o Human performance measures (effort, energy, stability) 

 
Legal significance: 

• The model is fully inspectable mathematically 
• No hidden heuristics or opaque AI-only decisions 

 
2. Optimization-Based Predictive Dynamics (Fully Declared) 
Core methodology 

https://www.academia.edu/92296232/Santos_A_physics_based_digital_human_simulation_environment?utm_source=chatgpt.com
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Human motion is generated by solving an optimization problem subject to physical 
constraints 
 
Explicit formulation includes: 

• Design Variables: 
o Joint angles (q) 
o Joint torques (τ) 
o Contact forces (F) 

• Cost Function: 
o Minimization of effort, impulse, or energy 

• Constraints: 
o Equations of motion 
o Joint limits 
o Ground contact 
o Stability (e.g., Zero Moment Point) 

 
Example from published formulation: 

• Running simulation explicitly defines: 
o Cost function integrals 
o Constraint equations 
o Contact conditions 

 
Legal significance: 

• Every output is traceable to: 
o Defined inputs 
o Defined equations 

• Enables full reproducibility and auditability 
 
3. Transparent Modeling Architecture (Modular System) 
Santos publications clearly describe system modules: 
From core paper: 

• Skeletal model 
• Muscle/force model 
• Physiology model 
• Clothing interaction model 
• Motion prediction engine 

 
Key insight: 
Santos is not a monolithic system—it is a modular architecture where each component 
is independently defined and studied 
 
Legal significance: 

• Opposing experts can: 
o Examine each module individually 
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o Challenge assumptions at each level 
 
4. Visual + Quantitative Outputs 
Santos produces: 

• Joint angle trajectories 
• Velocity and acceleration profiles 
• Joint torque curves 
• Spine compression forces 

Example (from literature figures): 
• Time-series plots of: 

o Joint motion 
o Torque profiles 
o gait cycles 

• Outputs include: 
o Spine compression (N) 
o Joint torque (Nm) 
o Ground reaction forces 

 
Key transparency point: 
Outputs are numerical, measurable, and exportable—not just visual animations 
 
Legal significance: 

• Allows: 
o Independent verification 
o Cross-examination using raw data 

 
5. Clear Input–Output Relationships (Cause & Effect) 
Santos explicitly models causal relationships: 

• Add load → increased joint torque 
• Change posture → altered stability 
• Modify environment → different motion 

 
The system enables analysis of cause-and-effect relationships in human performance  
 
Legal significance: 

• Directly supports: 
o “What happens if…?” scenarios 

• Enables testing of: 
o Competing legal hypotheses 

 
6. Transparent Workflow (Step-by-Step Process) 
Typical Santos pipeline (from publications): 

1. Define geometry (environment/task) 
2. Define human model (anthropometry) 
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3. Define constraints (physics, limits) 
4. Define objective function (performance criteria) 
5. Solve optimization problem 
6. Output motion + forces 

 
Key point: 
Every step is explicitly defined and documented 
 
Legal significance: 

• Method can be: 
o Reproduced 
o Reviewed 
o Challenged 

 
7. No Dependence on Hidden Training Data 
Unlike many AI systems: 

• Santos is not trained on black-box datasets 
• It is based on: 

o Physics 
o optimization 
o biomechanics 

 
From literature: 
Earlier models relied on prerecorded data, whereas Santos uses predictive optimization  
 
Legal significance: 

• Eliminates: 
o “Unknown training bias” argument 

• Strengthens: 
o Scientific interpretability 

 
8. Figures and Illustrations Supporting Transparency 
Across Santos publications, figures explicitly show: 
A. Model Structure 

• Skeleton with DOFs 
• Link-joint architecture 

B. Time-Series Outputs 
• Joint angle vs time 
• Velocity and acceleration curves 

C. Torque Profiles 
• Joint torques over time 
• Load-dependent variations 

D. Motion Sequences 
• Step-by-step gait cycles 
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• Task progression snapshots 
 
Key takeaway: 
The publications do not hide the model—they visually expose how it works 
 
9. Reproducibility and Independent Verification 
Because Santos is: 

• Deterministic 
• Equation-based 
• Fully specified 

 
Result: 
Independent experts can reproduce results using the same inputs  
 
Legal significance: 

• Satisfies: 
o Reproducibility requirement 
o Independent testing requirement 

 
9. Conclusion 

SANTOS demonstrates exceptional methodological transparency: 
• Explicit mathematical formulation 
• Fully defined optimization framework 
• Clearly documented inputs, constraints, and outputs 
• Modular and inspectable system architecture 
• Quantitative, exportable results 
• No reliance on opaque or hidden processes 

 
Court-Ready Statement 
SANTOS is not a black box. 
It is a fully transparent, physics-based computational model in which every prediction 
can be traced to defined equations, inputs, and constraints documented in peer-
reviewed scientific literature. 
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       9. Case Application Framework 
Show how Santos is used in litigation: 
Example workflow: 

1. Define scenario 
2. Input physical conditions 
3. Run simulation 
4. Evaluate human capability 
5. Compare scenarios 

 
Include 2–3 example case types: 

• Slip & fall 
• Lifting injury 
• Vehicle motion 

 
      10. Visualization & Communication Standards 
Courts care about clarity 
Define: 

• How simulations are presented 
• How visuals are validated (not misleading) 
• How conclusions are explained 
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10.  Expert Witness Integration 
É  Ñ§É҈ЮcƨůċŰЮ9ċƓċĤŔũŔƣǃЮ ŰċũǃƚŔƚЮÉǃƚƣĲů 
 
Purpose 
This section explains how SANTOS™ is integrated into expert witness testimony in a manner 
consistent with accepted legal practice. It clarifies: 

• How SANTOS supports (but does not replace) expert judgment 
• The respective roles of the human expert and the computational model 
• The framework for qualification, training, and certification of experts using SANTOS 

This ensures that SANTOS is presented in court as a scientific tool used by qualified 
experts, not as an independent decision-maker. 

 
1. How SANTOS Supports Expert Testimony 
SANTOS is used by expert witnesses as a scientific analysis tool to evaluate questions of 
human capability. It enhances testimony by providing: 
A. Quantitative Analysis 

• Computes joint torques, forces, and motion trajectories 
• Evaluates feasibility of actions (possible vs. not possible) 
• Quantifies physical demands of tasks (e.g., lifting, balance recovery, movement)  

 
B. Scenario Testing 

• Allows experts to test multiple case scenarios, including:  
o Different body positions 
o Alternative movements 
o Environmental conditions (e.g., friction, load, posture) 

 
C. Visual Demonstration 

• Produces jury-friendly visualizations that: 
o Illustrate motion sequences 
o Show failure points (e.g., loss of balance) 
o Compare alternative outcomes 

 
D. Objective Support for Opinions 

• Provides a scientific basis for expert conclusions 
• Reduces reliance on subjective interpretation 

 
Key Principle 
SANTOS does not generate legal conclusions—it provides scientific evidence that 
supports expert interpretation. 
 

 
 



 40 Santos Legal Validation Dossier 

 
2. Role of the Human Expert vs. the Model 
A. Role of the Human Expert (Primary Authority) 
The expert witness remains fully responsible for: 

• Defining the case scenario and assumptions 
• Selecting appropriate inputs (e.g., body dimensions, task conditions)  
• Interpreting the results in context 
• Formulating opinions consistent with professional standards 
• Communicating findings to the court 

 
B. Role of SANTOS (Analytical Tool) 
SANTOS provides: 

• Physics-based computation of human motion and forces 
• Evaluation of biomechanical feasibility 
• Quantitative outputs for expert interpretation 

 
Relationship Between Expert and Model 
Function Human Expert SANTOS™ 
Define case assumptions ✔  

Input parameters ✔  

Compute motion, forces, torques, velocities, etc.  ✔ 
Interpret results ✔  

Form legal opinions ✔  

Provide scientific calculations  ✔ 

 
Key Legal Position 
SANTOS is analogous to other accepted expert tools (e.g., engineering simulations, 
accident reconstruction software): 
It assists the expert—it does not replace them. 

 
3. Transparency in Expert Use 
When used in expert testimony: 

• All inputs, assumptions, and parameters are documented 
• All simulation conditions are disclosed 
• Outputs are reproducible and reviewable 

 
Expert responsibility includes: 

• Explaining: 
o What was modeled 
o Why assumptions were chosen 
o How results relate to the facts of the case 
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Legal significance: 
• Ensures compliance with: 

o Disclosure requirements 
o Cross-examination standards 

• Prevents “black box” concerns 
 

Typical workflow: 
1. Review case materials 
2. Define biomechanical scenario 
3. Run SANTOS analysis 
4. Compare scenarios 
5. Formulate expert opinion 
6. Present findings in report and testimony 

 
Key advantage: 
SANTOS enhances—not disrupts—existing expert methodologies 
 
Example testimony framing: 
“Using a validated biomechanical model, we evaluated whether the motion described 
could be performed within known human limits. The analysis shows that the required 
forces exceed those limits.” 
 

Key Takeaway for Court 
SANTOS is not an independent authority—it is a scientific tool used by qualified experts 
to support, explain, and substantiate their professional opinions.  
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11.  Limitations & Proper Use 
SANTOS™ Human Capability Analysis System 
 
1. Scope of Capability 
SANTOS is designed to evaluate physical human performance using principles of: 

• Biomechanics 
• Physics-based motion 
• Physiological limits (e.g., strength, fatigue, joint constraints) 

 
Appropriate Use 
SANTOS is well-suited to answer questions such as: 

• Was a motion physically possible? 
• What forces and joint torques were required? 
• Could a person maintain balance or recover from a perturbation? 
• Were physical demands within normal human capability? 
• How do load, posture, or environment affect performance? 

 
Key Principle 
SANTOS evaluates what the human body can do physically, not why a person chose to 
act. 
 
2. Cognitive and Behavioral Limitations 
SANTOS does not model human cognition, intent, or decision-making at a level 
sufficient for legal conclusions. 
 
Specifically, SANTOS does NOT determine: 

• Intent, awareness, or judgment 
• Perception (e.g., what a person saw or noticed) 
• Reaction choices among alternatives 
• Compliance with policies or standards 
• Negligence, fault, or legal responsibility 

 
Important Distinction: 

• SANTOS can evaluate: 
“Could the person physically perform this action?” 

• SANTOS cannot determine: 
“Should the person have acted differently?” 
“Was the person negligent?” 
 
 
3. Dependence on Input Assumptions 
SANTOS simulations depend on defined inputs, including: 

• Anthropometry (body size, proportions) 
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• Task conditions (e.g., speed, posture) 
• Environmental parameters (e.g., friction, load) 

 
Limitation: 
Results are only as accurate as the inputs and assumptions provided 
 
Proper Use: 

• Inputs must be: 
o Clearly defined 
o Based on evidence where possible 
o Reasonable and justifiable 

 
4. Model Simplifications 
Like all biomechanical models, SANTOS incorporates standard scientific simplifications, 
including: 

• Representation of the body as rigid segments 
• Simplified joint structures 
• Approximations of muscle force generation 

 
Limitation: 
These simplifications may not capture: 

• Fine neuromuscular control 
• Individual-specific physiological nuances 

 
Key point: 
These simplifications are consistent with accepted practice in biomechanics and 
engineering 
 
 
5. Variability Across Individuals 
Human performance varies due to: 

• Strength differences 
• Age and conditioning 
• Fatigue levels 
• Skill and training 

 
Limitation: 
SANTOS represents: 

• A defined individual (specific inputs), or 
• A representative population (percentiles) 

 
Proper Use: 

• Analyses should: 
o Consider a range of individuals when appropriate  
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o Clearly state assumptions about the subject 
 
6. Sensitivity to Boundary Conditions 
Outcomes may change depending on: 

• Environmental conditions (e.g., friction, slope) 
• Initial posture and motion 
• Load magnitude and distribution 

 
Limitation: 
Small input changes can affect: 

• Quantitative outputs 
• Feasibility thresholds 

 
Proper Use: 

• Conduct sensitivity or scenario analysis when relevant 
• Evaluate multiple plausible conditions 

 
7. Interpretation of Results 
SANTOS produces: 

• Quantitative outputs (forces, torques, motion) 
• Feasibility assessments (possible vs. infeasible) 

 
Limitation: 
These outputs require: 

• Expert interpretation 
• Contextual understanding 

 
Key principle: 
The model provides data and analysis, not conclusions about liability 
 
8. Not a Substitute for Expert Judgment 
SANTOS is a decision-support tool, not a decision-maker. 
 
Proper role: 

• Supports expert testimony 
• Enhances analysis 
• Provides objective evidence 

 
Not intended to: 

• Replace expert opinion 
• Render legal conclusions 
• Determine fault or responsibility 

 
9. Appropriate Integration in Legal Context 
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SANTOS should be used: 
• In conjunction with: 

o Case evidence 
o Witness testimony 
o Expert analysis 

 
 
Conclusion 
SANTOS is a powerful and scientifically grounded tool for analyzing human physical 
capability, but its use must remain within appropriate boundaries. 
 
Summary of Limitations 
SANTOS does NOT: 

• Model cognition, intent, or decision-making 
• Determine negligence or legal responsibility 
• Replace expert judgment 

SANTOS DOES: 
• Provide physics-based analysis of human motion and forces 
• Quantify physical feasibility and performance limits 
• Support expert interpretation with objective data 

 
Court-Ready Statement 
SANTOS is a scientifically grounded tool for evaluating human physical capability. It does 
not render legal opinions or assess intent. Its results must be interpreted by a qualified 
expert within the context of the available evidence. 
 

 
 
 
 
  



 46 Santos Legal Validation Dossier 

12. Rebuttal Readiness Section 
SANTOS™ Human Capability Analysis System 
 
Purpose 
This section prepares responses to anticipated challenges to the use of SANTOS™ in 
litigation. It provides clear, scientifically grounded rebuttals to common critiques raised 
regarding computational models, ensuring that the methodology can be defended 
effectively under cross-examination and admissibility challenges. 
The goal is not only to respond to criticism, but to demonstrate that: 
Potential concerns have been anticipated, evaluated, and addressed within the 
scientific framework of SANTOS. 
 
1. “SANTOS is Just a Computer Model” 
Challenge 
Opposing counsel may argue that SANTOS is merely a computer-generated simulation and 
therefore speculative or unreliable. 
 
Rebuttal 
SANTOS is not an arbitrary simulation—it is a physics-based computational model 
grounded in established scientific principles. 

• Governed by: 
o Newtonian mechanics 
o Biomechanics 
o Physiological constraints 

• Outputs are derived from: 
o Explicit equations 
o Defined inputs 
o Known constraints 

Key Point 
The computer is simply solving the equations of physics—it is not “guessing” behavior. 
 
Court Framing 
“The model does not create motion arbitrarily; it computes what motion is physically 
possible under the laws of mechanics.” 
 

 
 
2. “It’s a Black Box” 
Challenge 
The model is too complex to understand or verify. 
 
Rebuttal 
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SANTOS is fully transparent and documented. 
• Inputs are explicitly defined 
• Equations are published in peer-reviewed literature 
• Outputs are reproducible 
• Assumptions are disclosed 

 
 
 

Key Point 
Every result can be traced back to known inputs and equations. 
 
Court Framing 
“This is not a black box. It is a fully defined mathematical model whose assumptions and 
calculations are available for review.” 

 
 
3. “It Has Not Been Used in Court Before” 
Challenge 
Lack of prior courtroom precedent. 
 
Rebuttal 
Admissibility is based on scientific validity, not prior courtroom use.  

• Supported by: 
o Peer-reviewed publications 
o Government-funded research 
o Military and industry applications 

 
 
 

Key Point 
Courts routinely admit scientifically valid methodologies even if newly introduced. 
 
Court Framing 
“The relevant question is not whether the method has been used in court before, but 
whether it is scientifically valid and reliable.” 

 
 
4. “The Results Depend on Assumptions” 
Challenge 
Changing assumptions could change results. 
 
Rebuttal 
All scientific analyses depend on assumptions—SANTOS makes them explicit and 
testable. 
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• Inputs are: 
o Documented 
o Justified 
o Adjustable 

• Sensitivity analysis can evaluate: 
o How results change with different assumptions 

 
 
 

Key Point 
Transparency of assumptions strengthens—not weakens—the analysis. 
 
Court Framing 
“Unlike subjective opinion, this model allows us to explicitly test how different 
assumptions affect the outcome.” 

 
 
5. “Humans Don’t Move Like Equations” 
Challenge 
Human behavior is too complex to model. 
 
Rebuttal 
While behavior includes variability, physical motion is governed by universal laws of 
mechanics. 

• SANTOS evaluates: 
o Physical feasibility 
o Force requirements 
o Biomechanical limits 

 
Key Point 
Regardless of individual behavior, no human can violate physical laws.  
 
Court Framing 
“People may behave differently, but they cannot exceed the physical limits of the human 
body.” 
 

 
 
 
 
6. “It Cannot Account for Individual Differences” 
Challenge 
The model does not represent the specific individual. 
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Rebuttal 
SANTOS can represent both specific individuals and population ranges.  

• Uses: 
o Anthropometric inputs 
o Strength profiles 
o Percentile-based modeling 

 
 
 

Key Point 
The model can evaluate: 

• A specific individual (if data available), or 
• A range of reasonable human capabilities 

 
Court Framing 
“The analysis can be tailored to the individual or used to evaluate what is possible for a 
reasonable human under similar conditions.” 
 

 
7. “It Does Not Consider Human Judgment or Reaction” 
Challenge 
The model ignores cognition, perception, or decision-making. 
 
Rebuttal 
That limitation is intentional and appropriate. 

• SANTOS addresses: 
o Physical capability 

• It does NOT address: 
o Intent 
o perception 
o decision-making 

 
 
 

Key Point 
The model isolates the physical question, which is often central to the case. 
 
Court Framing 
“This analysis does not address what the person intended—it addresses whether the 
action was physically possible.” 

 
 
 
8. “Small Errors Could Change the Conclusion” 
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Challenge 
Minor inaccuracies undermine reliability. 
 
Rebuttal 
The distinction between numerical precision and feasibility conclusions is critical. 

• Small numerical differences: 
o Do not typically change outcomes 

• Feasibility thresholds: 
o Are robust to minor variation 

 
Key Point 
Conclusions such as “possible vs. not possible” are stable. 
 
Court Framing 
“Even accounting for uncertainty, the required forces remain outside human capability.”  
 

 
9. “The Model Was Developed for Research, Not Legal Use” 
Challenge 
It was not intended for courtroom application. 
 
Rebuttal 
SANTOS was developed for high-stakes real-world applications. 

• Military performance 
• Injury prevention 
• Equipment design 

 
Key Point 
These applications demand accuracy and reliability equal to or greater than legal 
standards. 
 
Court Framing 
“This methodology was developed for operational decision-making, not litigation, which 
strengthens its objectivity.” 

 
 
10. “The Expert is Relying Too Much on the Model” 
Challenge 
The expert is deferring to software. 
 
Rebuttal 
The expert remains the decision-maker. 

• Defines inputs 
• Interprets results 
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• Forms opinions 
 
 
 

Key Point 
SANTOS provides analysis—the expert provides judgment. 
 
Court Framing 
“The model provides the calculations; the expert provides the conclusions.” 
 

 
 
Conclusion 
The anticipated critiques of SANTOS are well understood and directly addressed 
through: 

• Established scientific foundations 
• Transparent methodology 
• Experimental validation 
• Defined limitations 
• Proper expert integration 

 
 
Court-Ready Summary 
SANTOS is a transparent, physics-based analytical tool whose methods are testable, 
validated, and grounded in established science. The potential criticisms commonly raised 
against computational models do not undermine its reliability; rather, they are addressed 
through explicit assumptions, reproducibility, and expert interpretation.  
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