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Abstract 

Virtual prototyping emerges as a new technology to replace existing physical prototypes for product evaluation, 

which are costly and time consuming to manufacture. Virtualization technology allows engineers and 

ergonomists to perform virtual builds and different ergonomic analyses on a product. Digital Human Modelling 

(DHM) software packages such as Siemens Jack, often integrate with CAD systems to provide a virtual 

environment which allows investigation of operator and product compatibility. Although the integration between 

DHM and CAD systems allows for the ergonomic analysis of anthropometric design, human musculoskeletal, 

multi-body modelling software packages such as the AnyBody Modelling System (AMS) are required to support 

physiologic design. They provide muscular force analysis, estimate human musculoskeletal strain and help 

address human comfort assessment.  

However, the independent characteristics of the modelling systems Jack and AMS constrain engineers and 

ergonomists in conducting a complete ergonomic analysis. AMS is a stand-alone programming system without a 

capability to integrate into CAD environments. Jack is providing CAD integrated human-in-the-loop capability, 

but without considering musculoskeletal activity. Consequently, engineers and ergonomists need to perform 

many redundant tasks during product and process design. Besides, the existing biomechanical model in AMS 

uses a simplified estimation of body proportions, based on a segment mass ratio derived scaling approach. This 

is insufficient to represent user populations anthropometrically correct in AMS. In addition, sub-models are 

derived from different sources of morphologic data and are therefore anthropometrically inconsistent. Therefore, 

an interface between the biomechanical AMS and the virtual human model Jack was developed to integrate a 

musculoskeletal simulation with Jack posture modeling. This interface provides direct data exchange between 

the two man-models, based on a consistent data structure and common body model. 

The study assesses kinematic and biomechanical model characteristics of Jack and AMS, and defines an 

appropriate biomechanical model. The information content for interfacing the two systems is defined and a 

protocol is identified. The interface program is developed and implemented through Tcl and Jack-script 

(Python), and interacts with the AMS console application to operate AMS procedures.  

 

Keywords: Digital Human Modeling (DHM), Anybody Modeling System (AMS), JACK, Anthropometry, 

Advanced biomechanical models. 

__________________________________________________________________________________________ 

 

1. Introduction 

In the past, physical prototypes were typically built 

to evaluate a product and process. However, due to 

costly and time consuming prototyping, this 

traditional method is now dropping behind. With 

the advancement of science and technology, 

processes of virtual prototyping substitute the 

physical prototypes. Through the combination of 

computer and information technology, 

computational mechanics, biomechanics and 

ergonomics, virtual technology allows ergonomists 

and engineers to perform virtual builds where 

prototypes and physical environments are replaced 

by virtual reality. Digital human modelling (DHM) 

software packages are available in the market, such 

as Jack, Ramsis, DELMIA Human Builder and eM-

Human. These DHM tools provide visualizations of 

anthropometric and kinematic ergonomic design, 

including human body posture, reachability, field of 

view and clearances for arms, hands and tools 

which serve as a basic for engineering decision 

making (Sundin and Sjoberg 2002; Lockett et al. 

2005; Lamkull et al. 2006). 
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Computer Aided Design (CAD) systems such as 

AutoCAD, CATIA, NX and ProEngineer often 

integrate with ergonomic modelling tools to provide 

a virtual workplace and allow ergonomic analysis. 

The integrated modelling environment allows 

investigating human and product compatibility as 

well as different testing environments that are 

difficult to carry out in a workplace or prototype 

laboratory. Human motion simulation for digital 

human manikins can also be conducted in a virtual 

environment to simulate human functionality 

during ergonomic design (Badler et al. 1992). 

Moreover, an evaluation of ergonomics using 

virtual tools in a preproduction phase at a car 

manufacturer showed the benefit of virtual tools in 

the manufacturing industry (Dukic et al. 2007). 

Today, in the industrialized world, many ergonomic 

studies of man-machine interaction relate to the 

analysis of muscular forces to estimate 

musculoskeletal strain (Allard et al. 1995). Human 

musculoskeletal modelling software packages such 

as the AnyBody Modelling System AMS  

(AnyBody Technology 2008), SIMM/FIT  

(MusculoGraphics 1992), LifeModeler  

(Biomechanics Research Group 2004), and Armo  

(G-sport 2007) are now available to be used for 

virtual biomechnical analyses, without integration 

into the product design process. Their main aim is 

to examine the influence of motion, postures and 

the environment on internal joint forces and muscle 

activity via inverse dynamics or inverse kinematics 

simulation to help ergonomists and engineers gain a 

better understanding of human-physical strain in a 

work task assessment. Grujicic et al. (2009) used 

human musculoskeletal modelling to analyse the 

interaction of driver and seat for the development of 

more comfortable car seats. Thus, ergonomics 

integrating digital human modelling and 

musculoskeletal modelling provides new 

opportunities. Implementing both technologies 

during the early stages of product and process 

design will ensure improved usability and high 

product quality. 

However, problems arise because musculoskeletal 

models do not have the capability to integrate into 

the product developers’ CAD environments, as for 

example AMS was conceived  a stand-alone 

programming system. Jack does provide human-in-

the-loop capability, but without the ability to 

provide output for musculoskeletal load. As a 

consequence, engineers and ergonomists need to 

perform many redundant tasks during product and 

process design. Moreover, the existing 

biomechanical models in AMS use a simplified 

estimation for specific body proportions based on a 

scaling approach. This is insufficient to properly 

represent user populations in AMS. Additionally, 

sub-models are derived from different sources of 

morphologic data. Current studies are thus 

hampered, as no single ergonomic human 

modelling software could integrate both Jack and 

AMS functionality into a CAD environment to 

deliver full human-in-the-loop capability.  

In order to solve these problems, an interface 

between the biomechanical simulation software 

AnyBody and the virtual human model Jack was 

developed for use in a musculoskeletal simulation. 

The interface allows direct data exchange between 

the two man-models, based on a consistent data 

structure and common body model. As a result, 

virtual ergonomic simulations of the interaction 

between a product and the human operator (user) 

within a given CAD environment (“human-in-the-

loop”) will be possible. 

2. Materials and Methods 

2.1. Material 

2.1.1. Siemens Jack 

The ergonomic human modelling software Jack is 

widely used in ergonomic analyses in industry 

nowadays. These analyses include performance 

measurement, task based simulation, kinematics 

and dynamic simulation, motion capture and 

analysis, reach-capability check, and visibility 

check. The development of Jack was originated in 

the mid 1980s, with the initial intention to support 

the design and development of workspaces, 

concentrating on optimising the human machine 

interface for specific populations (Blanchonette 

2010). From a simple wireframe tetrahedral 

arrangement to a more realistic human model 

appearance with a high level of detail, complex 

ergonomic analysis of human tasks was made 

possible. The transformation of the  Jack model 

over the past two decades is presented in Figure 1.    

         

                Figure 1: Jack model transformation 

Basically, the Jack human structure is made up of 

76 joints and 77 segments in total. Each joint is 

connected by two segments, allowing different 

degrees of freedom and range of motion based on a 

selection of anthropometric, anatomical and 

biomechanical data. Being a representation of 

human skeletal structure, the Jack human model has 

a complex kinematic linkage model, a geometric 

shell and joints that obey the physiological range of 
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motion restrictions (Blanchonette 2010). Different 

joints have a  different cartesian joint coordinate 

system, and are linked to a global coordinate 

system. A detail schematic view of joint locations 

on the Jack body model is shown in Figure 2. Using 

the inverse kinematics method, the large number of 

linked segments can be controlled for different 

postures to optimize design parameters during a 

design process (Jung et al. 2009).  

              

Figure 2: Detailed schematic view of Jack joint 

locations 

Jack default anthropometric proportions are based 

on the ANSUR (Army Anthropometric Survey) 

1988 anthropometric survey, conducted on 9000 

male and female military personnel. Jack allows the 

user to specify individual link lengths and segment 

dimensions such as head and foot breadth, while 

fleshly dimensions such as arm size and abdominal 

depth are regressed from the stature and weight 

(SPLMSI 2010). With the ability to scale the Jack 

model to different percentiles, an ergonomic 

assessment for the variety of people of different 

height and weight is made possible. Jack stature 

and weight for different percentiles are listed in 

Table 1. 

Table 1: Jack stature and weight for different 

percentiles based on ANSUR anthropometry 

 

The basic scripting language for Jack is Jack-script 

(Python). Python is a powerful and competitive 

modern programming language with a clear and 

readable syntax, strong introspection capabilities, 

and intuitive object orientation, combining 

procedural code and full modularity in hierarchical 

packages (Python 2010). Besides, Python can be 

used to extend the functionality of Jack by creating 

own scripts to perform the desired tasks (SPLMSI 

2010). TCL (Tool Command Language) is the 

scripting language that serves as a bridge between 

Jack-script (Python) and the Jack system. This 

allows interactive control between the script and 

Jack. On the other hand, Tk is the language to build 

the GUI (Graphic User Interface) of a Jack user 

module.  

2.1.2. AnyBody Modeling System (AMS) 

AMS is a general-purpose musculoskeletal 

modelling and simulation software. This modelling 

system is based on a computer-aided method which 

includes a human body as a mechanical multibody 

system actuated by external and muscle forces. The 

AMS core function predicts muscular activity, 

which allows to simulate the human strain induced 

in a task and internal joint reaction forces for 

different postures and motions. As a modelling 

system, users can construct a model from scratch or 

modify existing library (repository) models to suit 

different purposes (Rasmussen et al. 2003). The 

system can handle complex body models, to help 

optimize the design and performance of mechanical 

properties.  

The biomechanical structure of an AnyBody model 

can consist of thousands of components such as 

segments, joints, muscles, and other anatomical 

parts. Muscle location, geometry and strength, type 

and motion of a joint and geometry, mass and 

inertia of bone are the common parameters of a 

biomechanical model. As usual, segments in AMS 

are connected by human joints. Different human 

segments have different mechanical properties and 

the corresponding position and orientation are 

determined by posture (Jung et al. 2009). The 

AnyBody system uses the “body coordinate 

system” as its coordinate system and each joint has 

a different orientation of its joint coordinate system. 

The AnyBody musculoskeletal model is shown in 

Figure 3. 

 

 

 

 

 

 

 

Figure 3: AnyBody AMS musculoskeletal model 

Besides, the AnyBody model is scalable to 

represent different human anthropometry using a 

scaling law. Seven scaling laws are available in 

AnyBody. They are Scaling Standard, Scaling 

Uniform, Scaling Length Mass, Scaling Length 

Mass Fat, Scaling Uniform Ext, Scaling Length 

Mass Ext, and Scaling Length Mass Fat Ext 
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(Rasmussen et al. 2005). With its scaling ability, 

the model can preserve overall geometry, muscle 

insertion points, muscle parameters and wrapping 

surfaces. 

A typical human musculoskeletal model consists of 

hundreds of muscles with soft tissue which wrap 

around each other and the bones, ligaments, and 

other anatomical elements in different recruitment 

patterns. These muscles are activated by the Central 

Nervous System (CNS) which is difficult to model. 

In addition, there are more muscles than degrees of 

freedom to drive the system which causes static 

indeterminacies (Damsgaard et al. 2006). In order 

to solve models with a realistic number of muscles, 

which involves high computation times, AMS uses 

the concept of inverse dynamics in a multibody 

system for analysis. Through the known kinematics 

of a specific task, detailed biomechanical 

information on individual muscles, tendons and 

joints will be computed.  

In AMS, AnyScript is used as the model definition 

language for development of multibody dynamic 

models. AnyScript is an object-oriented 

programming language developed specifically for 

describing the construction and behaviour of the 

human body. Besides, AnyScript can also model 

different environment components such as a 

bicycle, hand tools or even workplaces (AnyBody 

Technology 2010). There are two main sections in 

an Anyscript model. They comprise a body model 

with a definition of its mechanical system and a 

study section containing lists of analyses and other 

operations to perform on the model (Rasmussen et 

al. 2003). As a text-based format and object-

oriented structure, elements can be transferred 

between models, models be exchanged through a 

library of body segments and collaboration is 

possible in complex modelling tasks (AnyBody 

Technology 2010). To handle large amount of data 

in an efficient way, a careful design of the model 

structure and logical considerations is necessary 

when building a  musculoskeletal body of high 

complexity. 

2.2. Study Design  

The study was divided into two major stages: 1) 

Define the biomechanical model, and 2) Develop an 

interfacing program.  

2.2.1. Definition of biomechanical model 

In this stage, system characteristics of Jack and 

AnyBody were assessed. Identifying the mutual 

characteristics between Jack and AnyBody was 

crucial in developing a common data model for data 

exchange.  

Next, an appropriate biomechanical model was 

defined which involved only subsets of Jack and 

AnyBody. The proposed biomechanical model 

integrates the kinematic characteristics of Jack and 

AnyBody. A future common definition of a body 

model (biomechanical model) will need to not only 

consider Jack and AnyBody characteristics, but also 

common biomechanics standards.  

In the last step, information to be transported 

between the two systems such as joint locations, 

size of body segments, inertia properties of each 

body segment and anthropometric measurements 

were indentified. Furthermore, the transformation 

matrices between Jack and AMS models to the 

common human model were developed. The design 

is open for the selection and modification of an 

industry standard protocol to be applied, such as the 

C3D file format (Motion Lab Systems 2008), so 

that information can be transported following 

international data exchange standards. 

2.2.2. Development of interface program 

The interface program was developed using the 

Jack-script (PYTHON) and TCL scripting 

languages and embedded into the Jack software as a 

module. This stage was further sub-divided into the 

following implementation steps:  

(i) Devise an overall architecture and  

communication protocol to be used between 

the two systems.  

(ii) Identify data payload and format based on 

human model.  

(iii)   Implement and test data extraction from Jack. 

(iv) Implement and test communication with AMS 

console system or a wrapper around AMS to 

implement the protocol defined in (ii) and (iii).  

(v) Implement and test data export or import in 

AnyBody. 

(vi) Implement and test transformation from Jack 

format to AnyBody and vice-versa. 

(vii) Implement and test roundtrip data exchange 

from AnyBody to Jack.  

 

After development of the interface program, a trial 

study was conducted to prove validity of interface 

and model and to compare the interface simulation 

results with a real world system. This study 

consisted of a validation of the data model and 

transformation logic developed earlier. The 

interface model validation criterion is to 

demonstrate its ability to accurately simulate a two-

step quasi-static motion for the seated case, 

including input of external reaction forces. This is 

to ensure that the simulation in AnyBody will 

return a realistic result and correct parameter set 

into Jack. At last, performance testing and 

integration testing at the system level were 

conducted.   
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3. Results 

3.1. Biomechanical model 

3.1.1. System characteristics of Jack and AnyBody 

Internal biomechanical model characteristics of 

Jack are shown in Table 2. A standing model is 

used as the standard model for Jack in the initial 

study. The stature of the Jack model is set at 

1754mm representing the 50th percentile of the 

chosen population. 

Table 2 shows a subset of a total of 26 joints which 

were considered in the study. These joints are 

connected by segments and the corresponding joint 

location in a Cartesian coordinate system is shown 

in Table 2. Each joint has a limitation in its 

movement which is shown as range of motion 

(ROM). The orientation of each joint coordinate 

system (JCS) is shown in reference to the global 

coordinate system (GCS). An equivalent standing 

model is used as the standard model for AnyBody, 

with a stature of 1759mm. The characteristics of the 

AnyBody model are shown in Table 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Moreover, Table 3 gives the location of each joint 

in a Cartesian coordinate system and the different 

orientation of the joint coordinate systems with 

respect to the global coordinate system. 

3.1.2. Biomechanical model 

To define an appropriate biomechanical model, 

mutual characteristics of Jack and AnyBody are 

integrated. For example, the Jack joint coordinate 

systems are reoriented to follow the orientation of 

joint coordinate systems in AMS. This translation is 

called the Jack to AnyBody (J2A) phase. During 

this phase, also the range of motion (ROM) of each 

joint is coordinated between Jack and AMS. The 

common model ROM is displayed in Table 4. 

Vice versa, the AMS joint coordinate systems are 

reoriented to follow the orientation of Jack in the 

AnyBody to Jack (A2J) phase. The rotational 

matrices for reorienting the coordinate systems in 

the J2A and A2J phase are summarized in Table 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Excerpt of AnyBody model characteristics. 

Table 2: Excerpt of model characteristics of Jack. Negative orientations are further on highlighted. R(axis) 

denominates a rotation around a given axis. C is clockwise, AC is anticlockwise. 

Table 4: Common model ROM of selected joints.  
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Furthermore, the difference in each joint location 

between Jack and AMS at a given time t, initiated 

at t = 0, is referred to as “offset value” V(t). For the 

J2A phase, the offset value for each joint and the 

corresponding AMS position at times t = 0 and t = ti 

are shown in Table 6.  

For the A2J phase, since for each joint in AMS, the 

joint location is changing with time steps and is 

linked to a kinematic chain, the relationship 

between joint positions is known as the compound 

rotational matrix (3x3). The compound rotational 

matrix and the corresponding Jack new joint 

position are shown in Table 7. The detail schematic 

view of the rotational matrices is displayed in 

Figure 4. 

 

Figure 4: Detail schematic view of the rotational 

matrices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Interface program 

In order to integrate Jack and AMS functionality 

into a holistic biomechanical-ergonomic analysis, 

the interfacing program is integrated into the 

graphical user interface (menu system) of Jack. The 

procedure identifies Jack model parameters, 

requests user input for external forces required in 

the AMS multi-body calculations, translates joint 

coordinates into the AMS environment, calls AMS 

program routines to perform a posture simulation, 

returns and translates the posture into Jack and 

modifies the Jack posture accordingly.  

The interfacing program is divided into 5 common 

model phases. The first model phase is the 

reorientation of the joint coordinate system from 

Jack to AMS. The second phase involves finding 

the AMS joint positions. In the third phase, the 

AMS range of motion is checked and compared 

with Jack allowable ROM. The fourth phase 

reorients joint coordinate systems from AMS back 

to Jack. Finally, the fifth phase determines Jack 

joint positions for each joint. 

To standardize the orientation of the joint 

coordinate systems for both modeling systems in 

the J2A and A2J phase, each joint compound 

rotational matrix (3x3) is computed through the 

rotational matrix formulae shown below.  

Rot(x,θ) =                                                     (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Summary of rotational matrices for reorienting selected joint coordinate systems.   

 

Table 6: Selected joint offset values for 50th percentile male Jack and the corresponding AMS position at 

times t = 0 and t = ti 

















−

θθ

θθ

cossin0

sincos0

001



Paul G., Interfacing Jack and Anybody 

 

 7 

 

 

 

 

 

 

 

 

 

 

 

Rot(y,α) =                                                             (2)  

 

 

 

Rot(z,β) =                                                             (3) 

 

  

 

The AMS joint positions at time t = 0 can be 

computed through equation (4).   

PAi = PJi + VJi (0)            (4) 

where i = joint 1,2,..,26               
      PA = AnyBody joint position 

        PJ = Jack joint position 

Following further time steps, the AMS joint 

position at time t = ti can be computed through 

equation (5). 

PAi = PJi + VJi (t)                                           (5) 

where i = joint 1,2,…,26 

        PA = AnyBody joint position 

        PJ = Jack joint position 

        VJ = offset value dependent on Jack 

         position and time 

The compound rotational matrix (3x3) is computed 

by applying the rotational matrix (T = Rxyz) and 

equations (1), (2), and (3). Thus, the Jack new joint 

position, 
J
P for each joint can be computed through 

equation (6). 

         (6) 

where i = joint 1,2,….,26 

      
J
AT = compound rotational matrix (A2J phase) 

      
J
AP = offset value 

       
A
P = AnyBody joint position   

        
J
P = Jack new joint position 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

Jack and AMS are representatives of two classes of 

digital human modeling systems. They have a 

different number of joints, different definition of 

joints, and a different skeletal structure. In order to 

integrate both modeling systems in an analysis, 26 

mutual joints of significant importance for the 

skeletal structure have been selected and studied. 

As the AMS body model is closer to human 

anatomy, there are more joints in AMS than in 

Jack. In AMS, the musculoskeletal human body 

model has no limitation in the joint ROM, as joint 

ROM is determined by muscular force acting on a 

joint. This muscular force is simulated through 

inverse dynamics. Hence, the joint ROM in AMS 

needs to be checked against Jack joint ROM, to 

ensure that the output of joint ROM is compatible 

to the allowed movement range in Jack. This 

limitation of the interface contradicts AMS 

modeling assumptions, but is required to achieve 

system stability. Standardization of the kinematic 

models is required to overcome this shortfall. 

Additionally, the total number of degrees of 

freedom in both modeling systems is different. 

A trial study has been carried out to prove the 

validity of both interface program and the 

underlying model. The results show that the 

interface model is capable to simulate a posture in a 

virtual environment for a given quasi-static case. 

This will be extended in future developments for 

motion data (inverse dynamics) from previous 

studies.  

The developed interface is able to integrate Jack 

and AMS into a single biomechanical-ergonomic 

analysis, with full human-in-the-loop capability 

within CAD environments supported by Jack. In 

addition to the implemented AMS posture 

simulation capability, muscular activity/force and 

joint force calculations may be output to the Jack 

user in a next step. These will expand Jack’s 

ergonomic task assessment ability. 

Further development is required to fully support the 

complex AMS body model and allow for full 

dynamic analysis of human motion in Jack.  

5. Conclusion 

An ergonomic assessment tool within a   virtual 

environment was developed. The new interface 

Table 7: Selected compound rotational matrices and the corresponding Jack new joint position in A2J phase. 
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integrates the functionality of both Jack and AMS, 

and is designed to permit full human-in-the-loop 

analysis capability within a CAD environment. 

The interface between Jack and AMS fills a gap in 

virtual ergonomic system assessment tools. 

The new simulation capability is particularly 

important for Ergonomics, as it eliminates the need 

for human subject studies in combination with 

virtual anthropometric assessments. It is designed 

with a focus to support research in automotive 

ergonomics, with a viable ergonomic simulation 

system capable of integrating into existing 

CAD/CAE systems used in product design. 

Furthermore, it provides a template to develop 

further assessment tools, which might allow other 

DHM systems to interface with AMS. While Jack 

posture simulations are currently solely based on 

generalized statistical models, as they are for 

RAMSIS, and are hence limited, the new 

functionality allows for case specific posture 

simulations, which consider measured or simulated 

external forces and boundary conditions, like seat 

geometry. The quality of future posture simulations 

with Jack is therefore expected to be significantly 

improved.      

The interface provides a viable, more cost effective 

alternative to human subject testing. Ultimately, 

this tool supports an improved, more resource 

efficient product development system. 
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