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ABSTRACT

This thesis deds with visudization of anthropometric data collected on whedlchair users for
design of environments conforming to the concept of Universd Desgn. A computer
package has been developed which would provide designers, architects and ergonomists with

an interface to perform various analyses on the anthropometric data.

Traditiond anthropometric measurements include use of anthropometers, a graduated rod
with adiding edge a& aright angle and a graduated scale, to measure body dimensions. Most
recent technologies include the use of laser technology to measure body points with an
obvious disadvantage of not being able to measure body points not visible to the scanner. In
our research project we make use of various instruments such as anthropometer, grip and
pinch dynamometer, grip span cone and an electromechanicd 3-D digitizer to measure the

participant data. This datais then stored in a database so that it can be queried as required.

This thesis employs different types of visudization techniques for the anthropometric data
These techniques ded with the visuadization of body and whedlchar sizes and participant’s
capabilities to perform different tasks. The interface provides one dimensiond data in the
form of a spreadsheet, two dimensond data in the form of histograns and three
dimensiond data in the form of a structurd human mode and reaching envelopes. It gives
the users tremendous flexibility by dlowing them to choose specific dimensions and
variables. For example, users have an ability to import their 3D environments modeled with
the help of 3D sudio max, to illustrate the fit between ther modes and the 3D
characteristics of wheelchair users, or export anthropometric data to exce for further

statistical calculations. Due to the complex nature of AnthroDB, it employs menu navigation



to help the users make correct selections. The users can classify data on the basis of disability
and demographic classification. A combination of al such techniques, a cgpacity to display
audio visud data in the form of pictures and videos, individud data in the form of graphs
and three dimensiond rendering and saistica data in the form of histograms makes this

computer package extremely powerful.



GLOSSARY

AnthroDB — Name of the package

Anthropometer — A graduated rod with adliding edge at aright angle

Bony Landmarks — Landmarks on the human body which are measured in the structural
protocol

Data type - Individual data or statistical data

DC - Device Context

DSN - Data Source Name

Functional study — A study related with a participant’s capability to do a specific task
Grip Dynamometer — Equipment used to measure the grip strength

Grip span cone — Equipment used to measure the grip span

I DE — Integrated Development Enterprise

Individual/Participant — The subject on whom the study is carried out

MDI —Multi Document Interface

MFC — Microsoft Foundation Classes

Mid Sagital Plane — Plane in which a human body can be symmetrically divided. i.e. aplane
passing vertically from the head and perpendicular to the shoulder line

Pinch Dynamometer — Instrument used to measure pinch strength

Protocol — Type of study, structural or functional

R1 — prototype anthropometric database project

RC — Rendering Context

Structural study — A study related with the body sizes

User — The person using AnthroDB

SQL — Structured Query Language



1. INTRODUCTION

Anthropometric data provide the most rudimentary information needed to design fitting
equipment and workspace environments. Body dimensions and functiona abilities differ
across people of different sex, different origin, different ages etc. Population or statistica
data ranges of subjects, provides us with a wedth of information that can be used in the
designing of environments. It is very important to be able to focus on data for populaions
as wdll as datafor individuds that may fdl in the extremes of the distribution of body sizes
and function. This provides full flexibility to decide who should be excluded from the design
or who should be included in it. For example a designer may attempt to accommodate a very

narrow or very broad range of population.

Dave Feathers, a research assistant on the prototype anthropometric database project (R1
project), has been involved in developing and evaduating anthropometric methods that
record 3-dimentiond coordinates of body dimensions and the collection of dynamic as well
as datic anthropometric data that will be useful for universd design and support
computerized modeling of wheelchair users (Feathers, 2002). This thesis mainly deds with
the visudization of anthropometric data collected on wheelchair users with these methods.
The structurd information dedls with individud body dimensions such as sitting height, eye
height, bi-deltoid breadth, etc. The functional information deals with an individual’s ability to
do specific tasks. It consists of reaching abilities at different angles (with respect to his mid-
sagita plane the plane in which the human body can be symmetricdly divided), different
weights and different heights dong with the participant’s grip and pinch strength, grip span

and maneuverability. These data, when used in conjunction with structurd data, provides us



with valuable information needed for design of environments. For example, a designer might
want to see how far a person can reach in front of his body holding a particular weight and
a a particular height, or he might want to look a a percentage of people tha can do a
particular task. The designers have an ability to query specific information from the database
pertaining to human body dimensions. Snce dl the information is cdculated on the fly, it
caersto user specific requirements. The idea of this thesisisto develop acomputer package
that will help designers, architects and engineers interact with anthropometric in a very

efficient and useful manner.



2. BACKGROUND

Anthropometry is the science that deds with messurement of the height and other
dimensions of human beings, especidly a different ages, or in different races, occupations,
etc. It evolved from physicd anthropology, in which the bones of the human body are
measured and compared. Engineers are very much interested in goplying anthropometric
information to design, in order to match the body dimensions of people to the dimensions

of the physical environment in which they perform tasks.

Structural body measurements are conventionally defined by two endpoints of the distance
measured (Kroemer, @ d., 1994). For eg. Bi-acromid breadth would be the distance
between the acromion processes that are bony landmarks of the shoulders. The terms used
in classical anthropometry are

Height — isastraight line, point to point vertical measurement

Breadth — is a straight line, point to point horizontal measurement running across the body
or asegment

Depth — is a straight line, point to point horizonta measurement running fore and &ft the
body

Distance — is a straight line, point to point horizontal messurement between landmarks on
the body

Curvature — is a point to point measurement following a contour, this measurement is
usually neither closed nor circular

Circumference — is a closed messurement that follows a body contour, hence this

measurement is not circular



Reach — isa point to point measurement following the long axis of the arm or leg

Classicd measurement techniques include the Morant Technique, which makes use of a set
of grids, usudly attached to the insde corner of two verticd wals meseting a right angles
(Kroemer, et al., 1994). The subject is placed in front of the grids and projections of the body
onto the grids are used to measure anthropometric variables. The software developed for
this thess, AnthroDB, makes use of the same concept to come up with the clipping plane
festure in the reech study to caculae intersection points with the reach envelopes.
Traditional measuring devices include an anthropometer, a graduated rod with a diding edge
a aright angle. The anthropometer provides a good gpproximation of distances. The grip
srength and the pinch strength of an individua can be measured with the help of agrip and
pinch dynamometer. Measurements such as grip span (the diameter around which the
fingers can close) can be measured with the help of a tgpered cone marked with readings.
The Faro Arm is an dectromechanica measurement device with 6 degrees of freedom. It
provides 3D coordinate information rather than only dimensiona information such as
length, breadth etc. With the 3D information avalable in the form of X, Y and Z
coordinates, it becomes easy to cdculae dl the dimensions on the fly. With the absolute
coordinates of the bony landmarks, it is easy to render a3D human figure without having to

make any approximations of data points.

Most of the classica measuring techniques leave many of the body dimensions unrelated to
each other in space. For example, when looking from the sde, a person’s staure, the eye
height and the shoulder height are located in different undefined fronta planes. In the past,

there has been limited effort to effectively visualize the anthropometric data. Data have been



displayed in the form of tables and graphs which is purely one and two dimensional
information, and hence incomplete. Designers have even consdered using photographic
information, with the obvious drawback of lacking a third dimenson. They have explored
the areas of laser technology to efficiently cgpture and visudize the data with the fact that it

cannot scan points that are not visible to the probe.

The idea of developing this computer package is to provide the user with atool to interact
with anthropometric datain an open ended manner. The unique combination of being able
to interact with the virtual human being, interact with virtual reaching values as well asto be
able to do the traditionda tasks such as plotting histograms and carry out atistica andyses
makes it powerful. Thisis avery important contribution to the field of anthropometry. Such
measures dlow redistic human models to be visudized directly and dlow designers to
understand how body postures (and not just body segment sizes) affect the amount of space
required in activities of daly living. The different measurement protocols involved in this

study are described in chapter 3.
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3. THE ANTHROPOMETRIC STUDY AND DATA BASING

The overdl idea of the research project R1 — Prototype anthropometric database project,
(RERC on the Universd Design in the build environment a Buffao) is to develop a
prototype anthropometric database of large sample wheelchair users to serve as amodd for
anthropometric research in universd desgn. The study includes the development and
evaduation of anthropometric methods that record 3-dimensona coordinates of body
dimensions, collection of dynamic (functiond), as well as static anthropometric data, the
design of adatabase that will be useful for universa design, and support the development of
the computer package capable of handling the 3D modeling of the wheelchair users. The

different protocols involved in the anthropometric study are described below.

3.1 Structural Measurements or Human Body Sizes

In our study of whedlchair users the size of the char as well as the individud is covered.
There are basicaly three domains tha we cater to: human modding, design, and posture
assessment (Feathers, 2003). Three-dimensional anthropometric measurements do not have
exactly the same formd anthropometric definitions as the corresponding one- or two-

dimensional measurements (Feathers, 2003).

The gructurd protocol involves capturing of over 150 3-dimentiond locations on the
participant’s body and the wheelchair. The participant is generdly oriented facing the Faro
Arm and whedchair locked, such that his mid-sagita plane digns with the YZ plane of the
faro am. The globd coordinate system for each participant is dightly different because of

the relative podtion of the participant and wheelchair with respect to the Faro Arm is

11



different across individuas. However, AnthroDB makes the necessary corrections
(trandations and rotations) so that the measurements can be compared across individuas or
summarized for groups of individuds. Figure 1 shows a participant when his structurd body

dimensions are being measured.

Figure1: Structural Protocol

3.2 Functional M easurements

Functiona measurement can be defined as a participant’s ability to accomplish a specific

task. The different type of functional measurements are described below

3.2.1 Grip Strength

The traditiond grip strength, measured by the grip dynamometer, is defined as
(Feathers, 2003) the maximum voluntary average grip force obtained over threetrials

with a hand dynamometer.
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There are two categories in this protocol, first being with the arm out stretched and
the other being with the arm flexed a 90 degrees. A totd of three measurements are
taken with sufficient time interva between them to avoid muscular fatigue, provided
there are no outliers within that set (Outliers, in this sense, meaning any reading that

is greater/lesser than 5 ps as compared to the other readings).

Figure2: Measuring grip strength using a grip dynamometer

3.2.2 Pinch Strength

There are two measurements tha are taken for Pinch Srength: Laterd Pinch and
Thumb-Forefinger Pinch. The Latera Pinch tests the thenar musculature of the
hand, acting to abduct the thumb (Feathers, 2003). This pinch is performed when
the hand is in aneutra postion (or with pam facing upwards). It tests the subject’s
ability to use a precision pinch for picking out objects from a neutrd hand postion.
The thumb-forefinger pinch tests the participant’s ability to press one’s thumb down

toward the forefinger. This aduction tells how strong the participant can pinch an

13



object while holding it in one hand. All the readings are taken with the help of a

pinch dynamometer shown in figure 3.

Figure 3: Measuring pinch strength using a pinch dynamometer - Lateral Pinch and Thumb

Forefinger pinch

3.2.3Grip Span

Grip span is defined as the minimum circumference around which the human fingers
can be wrapped (Feethers, 2003). Grip span is measured by an anthropometric grip
gpan cone, shown in figure 4. A totd of four readings are taken which consists of

Digit | and Digit I1; Digit | and Digit I1I; Digit | and Digit 1V; Digit | and Digit V.

14



Figure4: Measuring grip span using a grip span cone

3.2.4 Reach and object moving tasks

Reach is defined as the maximum, unsupported reach from a seated position to a
shdlf that is placed a one of the five heights (described below) (Feathers, 2003). In
our reach protocol, wheelchair users are asked to reach in three directions- forward,
a 45 degrees, and laterdly a five heights and four weight conditions. The study
begins with measuring points on the human body which contribute towards the
cdculation of shelf heights used in reaching equipment. The four key measurements
include

1. Acromion height — This is the height of the shoulder bone of the reaching arm
from the floor.

2. Floor to center distance — This is the distance between the floor and the center of

the palm of the reaching arm, when the arm is relaxed pointing the floor.

15



3. Overhead reach — This is the distance between the center of the pdm of the
reaching arm and the floor when the arm is comfortably stretched above his body,
vertically upwards.

4. Arm length — It is the distance between the acromion and the center of the pam
of the reaching am, when the arm is comfortably outstretched, pardle to the

ground.

The height of the first shelf is usudly equd to the overhead reach, height of the
middle shelf is the acromion height, the height of the bottom shdf is the floor to
center distance and the second and the fourth shelf heights are caculated off of the
four reach dimensions. Once the shelf heights are fixed, the participant is digned
with the faro arm facing his back to it. The shelving unit is then adjusted and placed
in front of him, so that the shelves can be moved back and forth depending upon his
reaching capabilities. The unit is usudly placed at three different angles 0, 45 and 90
with respect to his mid-sagita plane and the participant is asked to place the weight
on a specific shelf height. The weights consst of 0 pound, 1 pound, 3 pounds and 5
pounds. A totd of 60 readings are taken in this protocol (3 angles x 4 weights x 5

shelves).

16



<S>

Figure5: Reach protocol - 0 degreereach and 90 degreereach

3.2.5 Maneuver ability

The maneuverability protocol is split into three sub-dements. These dements are
door use (entrance and egress), level maneuverability and transfer maneuverability.
Level maneuverability conssts of U-turns, L-turns, 360 turns, level propulson and a

K-turn (3-point turn).

In the first task, a set of wallsis placed at a specific distance from each other, and the

participant is asked to maneuver around the wall as shown diagrammatically below.

C
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Figure 6: Level Maneuverability - Straight Wall

The next task in the list is an L-Turn. The wal distance is adjusted (increassed or
decreased) till the participant comfortably passes through without bumping on to

them. The third task isto make a 360 turn on the spot.

Figure7: Level maneuverability - L Turn

Door use utilizes three different levels of doors (eech separaely coded via the

Usability Rating Scdle and other subjective rating scdes. These doors vary in

18



difficulty in a host of architectura conditions ranging from door thresholds,

automatic door closers, wide doors with difficult pull phase, etc. (Feathers, 2003).

3.3 Database design

In the anthropometric study, hundreds of data points are measured which gives rise to a
tremendous amount of datato be visudized as numbers. The Anthrocam Package produces
atext file with 3-dimensional coordinates of each point measured in space. However this raw
daa is of no use as it cahnot be imported into MS Access directly and neither can it be
visudized. An Excd macro (written to caer our needs) helps in clearing unwanted
characters from the text file, and does a pick and place so as to format it for MS Access
imports. A smple transfer spread sheet command then dlows the data to be imported into
the MS Access tables. The relational database is categorized into following tables.
1. Demographics
Demographics, as the name suggests, stores the demographic information of the
participant such as name, age, gender, handedness, disability type, years with disability
etc. This demographic information helps the user sdect a subset of participant data, for
detailed statistical study.
2. Grip and Pinch Strength
Grip and pinch strength tables store the values of the grip and the pinch protocols.
3. Participant Pictures and Videos

Participant pictures and videos, contains the information about audio visua data.

19



4. Reach Info
Reach info consists of information about a participants acromion height, overhead reach,
floor to center distance and arm length used in determining the shelf heights in the reach
protocol.
5. Actua Data
Actud Daa table stores the 3D coordinate data collected with the Faro Arm which is
later used to render a humanoid figure in 3D space and also visualize the reach protocol.
6. Wheelchair Data Sheet
Wheelchar data sheet conssts of information about the wheelchair of the participant

including parameters such as its make, model, condition, serial number etc.

A DSN driver isused to extract data from the database so as to render it in the package. The

next chapter provides an overview of the package and explans in detal some of its

functional aspects.
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4. DEVELOPMENT

This chapter focuses upon the functiond abilities of the computer package. AnthroDB is a
windows gpplication, developed with the help of Visud Sudio. It provides the user with an

interface so as to interact with the anthropometric and biomechanical data.

4.1 Overview of AnthroDB

AnthroDB has been developed using Visud C++ 6.0 and .net 2002 IDE’s for providing the
framework. The 3D rendering is carried out with the help of OpenGL. Visud studio
interfaces very well with MS Access databases and makes the data retrieva easy. It dso
provides standard windows functiondity by providing predefined classes and objects.
OpenGL is plaform independent and hence the part of the visudization that uses OpenGL

can be used to develop multi platform applications.

Incorporating OpenGL in the Visud C++ environment is chdlenging. The default
implementation of Visud C++ only supports DirectX as the primary renderer. In order to
enable OpenGL there is a strict set of rules to be followed which are described in chapter

42.17.

AnthroDB has different modules for each protocol. There are 4 static window frames which

control different views. A typical casein shownin figure 8.

21
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Figure8: AnthroDB : A typical case

AnthroDB makes use of various didogs for navigationd purposes. It supports dl of the
standard functionalities such as File 1/ O, Multi Document Interface (an implementation of
multi threading), keyboard and mouse shortcuts etc. It adso makes use of ActiveX
components to support audio visua data, alow the use of an excd worksheet etc. Advance
functionality includes exporting the data to an excd worksheet, importing of 3DS Max
objects into the scene etc. Most of the designers and architects use 3D S Max for generéting
environments. With the ability to import these scenes, AnthroDB eiminates the need for

conversion of the 3DS Max file to auniversal format or making use of external libraries.

In the following section of the manuscript, dl of the functionaity of AnthroDB has been

described in detal. The source code is accompanied with a detalled description of its

purpose and working.
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4.2 Functional details of AnthroDB

Document/View Architecture

The document/ view architecture is the backbone of AnthroDB. Functions and varigbles
that are cdled from within other classes are a part of the document class. If afunction or a
vaiable isamember of the document class, it can be cdled from anywhere by declaring the

appropriate document class pointer (shown below).

CAnthroDBDoc* pDoc = GetDocument();

Another purpose of the document class is the adlocation of memory for the pointers. Snce
the document class constructor is cdled before anything dse, the memory dlocations and

variable initidizations are carried out here.

In MFC, it is mandatory to specify an active frame when using the window splitter. An active
frame is the one from where dl the menu functions are accessble. In this case it is the
rendering window. The view class mainly handles the rendering, and hence controls this
window. All the event handlers for events such as, mouse clicks, keyboard buttons, menu

clicks, are defined in the view class.

4.2.1 Changing the Screen Resolution

When an instance of AnthroDB is first invoked, it checks if the user’s computer is
using the correct resolution. In order to better view the interface, an 1152 x 864
resolution is recommended. AnthroDB first checks the current resolution of the

screen and stores the vdue in a member variable so that it can be restored later. If
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the resolution is below 1152 x 864 it prompts the user to change it. The didog for

the resolution change is shown below

.3

It is recommended that vou cange your screen resolution to best view the
code, Da you wank bo conkinue?

(0] 4 | Cancel

Figure 9: Resolution change dialog

The code for resolution change is given below.

CResolutionChange DialogWindow;
DEVMODE dm;

dm.dmSize = sizeof(DEVMODE);
dm.dmDriverExtra= 0;

EnumDisplaySettings(NULL,ENUM_CURRENT_SETTINGS&dm);

m_ScrHeight = dm.dmPelsHeight;
m_ScrWidth = dm.dmPelsWidth;

if(m_ScrHeight<864& &m_ScrWidth<1152)

{

if(DialogWindow.DoModal ()==1DOK)

{
dm.dmPelsHeight = 864;
dm.dmPelsWidth = 1152;
ChangeDisplaySettings(& dm,0);
}

24



An object of the class CResolutionChange provides the required functiondity.
DEVMODE can cgpture the users current display settings. dmPelsHeight and
dmPelsWidth, member variables of the DEVMODE gtructure, store the information
regarding the screen height and width respectively. When the ChangeDisplaySettings
function is cdled a variable exchange takes place and the screen resolution is
changed. After AnthroDB is closed, the origind resolution is restored. This

functionality is called from the document class destructor.

DEVMODE dm;
dm.dmPelsHeight = m_ScrHeight;
dm.dmPelsWidth = m_ScrWidth;
ChangeDisplaySettings(& dm,0);

4.2.2 Splash Thread

After the resolution has been changed, a splash screen comes up showing the
verson, author, release date and a copyright notice. The splash screen is a bitmap

image, which is displayed from the CSplashThread class.

Anthropometric Database of Wheelchair Users

Version 1.0
01/15/03

Figure 10 : Splash screen
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The cdl to the splash screen is made from the CAnthroDBApp class which is called
after the document class constructor. This class instantiates a separate thread so that
the splash screen is shown at the same time while the other thread continues to load

the application.

CYladiThed pSpadiThed = (CadiThedt) AfxBajriThed (RUNTIME_CLASS (CSpladThresd),

THREAD_PRIORITY_NORMAL, 0, CREATE_SUSPENDED);

pSplashThread is a pointer to class CSplashThread. AfxBeginThread cregtes a new class
thread. It takes a runtime class object as a parameter, which gets its runtime class
structure from a C++ class. RUNTIME_CLASS returns a pointer to a CRuntimeClass

structure for the class CSplashThread.

if (pSplashThread == NULL)

{
AfxMessageBox (_T("Failed to create splash screen), MB_OK | MB_ICONSTOP);

return FALSE;

If AfxBeginThread returns a null pointer, a message box is displayed giving an error.
pSplashThread-> SetBitmapToUse(IDB_SPLASH);
pSplashThread->ResumeThread();
Sleep(2000);
The function SetBitmapToUse, sets a bitmap to be displayed when the splash screen
comes up. The ResumeThread function, resumes the thread which was initidly started.

The Seep function puts the thread to deep until the loading is done in the

background. In the AnthroDBApp class &fter the pMainFrame->UpdateWindow()
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function is cdled, the splash screen is hid by cdling its HideSplash function. The hide

splash function kills the thread which was previously initiated.

4.2.3 Frames

Snce the program supports multiple documents, it has two different frames, main

frame, the skeleton of the package & the child frame, the working frame.

Main Frame — The man frame is cdled in the CAnthroDBApp class just before the
gplash screen disgppears. Following is the order of events that occur when a main

frameis created.

CMainFrame* pMainFrame = new CMainFrame;
if (\pMainFrame->LoadFrame(IDR_MAINFRAME))
return FALSE;
pMainFrame-> ShowWindow(SW_SHOWMAXIMIZED);
pMainFrame->UpdateWindow();

First, a pointer to the man frame class is declared. Then the function, LoadFrame
loads the main frame with IDR_MAINFRAME &s its default menu. ShowWindow
displays the main frame when it is loaded. Usudly different bits can be set here
which define the window properties. In this case the SW_SHOWMAXIMIZED bit

is set which maximizes the main frame window on start.

Child Frame — When the user starts AnthroD B, the main frame is instantiated and

the child frame is suppressed by calling the FileNothing function.

if(cmdinfo.m_nShellCommand == CCommandLinelnfo::FileNew)
cmdinfo.m_nShellCommand = CCommandLinelnfo:: FileNothing;
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One of the important features of the child window is that it incorporates a window
splitter. The main window is split into four parts to handle different scenes a the
same time. This gives the user an option to change certain parameters in one window
and view the effect immediately in the other windows. The window splitter is

implemented in the OnCreateClient function of the CChildFrame class.

m wndSplitter.CreateStatic(this,2,2);

m_ wndSplitter.CreateView(0,0,RUNTIME_CLASSCAnthroDBFormView),CSze(420,375),pContext);

m wndditte.CresteV ieM0,1,RUN TIME _CL A SS(CA nthrdD BTpRigtFam),CSz€727,375),pCatext);
m_wndSplitter.CreateView(1,0,RUNTIME_CLASS CAnthroDBBottomLeftForm),CS ze(420,450),pContext);
m_wndSplitter.CreateView(1,1,RUNTIME_CLASS(CAnthroDBView),CS ze(727,450),pContext);

SetActiveView((CView*)m wndSplitter. GetPane(1,1));
((CAnthroDBDoc* ) GetActiveDocument())->m_pAnthroDBView = (CAnthroDBView*)GetActiveView();
return TRUE;

m_wndSplitter is an object of the class, CSplitter\Wnd. The CreateStatic member function
is used to create the staic windows. CreateStatic sgnifies that throughout the
goplication, the windows that will be crested are static. In this case there will dways
be four windows irrespective of what they are displaying or in which mode the user
is in. CreateSatic takes three parameters, a pointer to the current child window,

number of rows and number of columns.

The CreateView member function, assigns different classes to each of the four

windows. The windows are represented in the form of matrices with zero indexes.

The different windows are as follows
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R,C L ocation Class Associated with window
0,0 Left Top CAnthroDBFormView

0,1 Right Top CAnthroDBTopRightForm

1,0 Left Bottom CAnthroDBL eftBottomForm
11 Right Bottom CAnthroDBView

The SetActivePane function sets one of these four windows as active windows. An
active window is the window from where dl the menus and the keyboard short cuts
are functiond. The content of these windows is dynamic, depending upon the

protocol and datatype, and is explained in detail in the next few sections,

4.2.4Top Left Form

Thetop left form is areference form, and displays one of the following two things at
atime

1. Demographic Data (Age, Gender, Handedness etc.)

2. Outliersfrom the statistical data

Depending upon what is relevant with the data displayed in the other windows, we
cycle between one of the two things described above. When this form displays the
demographic data, it provides the user with adrop down list of participant numbers.
A user can sdect a desred participant and click a button a the bottom of the
window, which then updates dl of the four windows, now displaying the data of the

new participant.
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Data Retrieval
The demographic datais retrieved with the help of a SQL query. For this purpose, a
CDatabase object is declared and then its OpenEx method is used to open the

database. Following is the implementation of OpenEx.

m_AnthroDB.OpenEx(_T("DSN=MSAccess" ) ,CDatabase: : openReadOnly|CDatabase::noOdbcDialog );

The DN parameter tdls the object, which file DSN to use. The second parameter
sets the bits which specify the properties of the database such as open it in the read
only mode without displaying the ODBC didog. Next step in extracting the data is
setting a record set object. This is done with declaring a new CRecordset object by

passing the address of object m_AnthroDB to it.

m_rs= new CRecordset(&m_AnthroDB);

This record set object m rsis then used to construct the query and extract the data

The extraction processis described in detail below

m_rs->QOpen (CRecordset:: snapshot,_T(Query));

The Open member function of the record set object executes the query. Query is a
string variable which contains the SQL command. The word snapshot means that it
takes a snapshot of the database at the instance when the Open function is called. The
complementary bit to this is dynaset which is used if the database is continuoudly

changing.
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When the information is extracted from the database, it isin the form of arecord set
or alinked list. In order to extract the specific information from the linked ligt, the

GetFieldValue member function is used.

m rs->GetFieldValue(index1, TempStorel);

m_Form Participant_Age.Format("%?2.0d" ,atoi (TempStorel));
Two parameters are passed to the function GetFieldvalue, the index of the vaue to
be extracted and a CSring variable where the extracted vaue will be stored. In order
to display this in a textbox on the man form, a CSringVariable is used, which
controls the value of atextbox. After dl the data has been extracted and formatted

for the display, the entire form is updated by calling UpdateData.

After the data has been extracted, the record set has to be closed. The record set
object is recycled throughout the code and hence, if it is not closed before opening a
new object, an exception would be thrown. The Close member function can be cdled

to close any active record sets.

The participant IDs are shown in adrop down list. The drop down list is populated
by extracting the participants from the database. In the OninitialUpdate member
function of the form class, this data extraction is carried out. OninitialUpdate is only

called once per life cycle of the window.
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The drop down ligt is cdled as a combo box in MFC and has an associated class to
control its behavior. The AddString member function adds entries to the drop down

list.

m_ComboBox_Part|D.AddString(“V due’);

When the user sdlects a different participant 1D and clicks the OK button, al the
windows are updated showing the data of the new participant. The event for the

button click is as follows

CAnthroDBDoc* pDoc = GetDocument();
m_ComboBox_Part|D.GetWindowText(pDoc->m_PartID);
if(pDoc->m _Protocol == 0 && pDoc->m Data Type== 0)
{
pDoc->GetSructuralHumanData();
pDoc->GetWCData();

}
eseif(pDoc->m Protocol == 1 && pDoc->m Data_Type == 0)

{
pDoc->GetFunctional Data();

pDoc-> GetReachHeightlnfo();

}

GetDemographicData();
pDoc->GetPicturelnfo();
pDoc->UpdateAll Views(NULL);

GetDocument initializes a document class pointer so that any document class functions
or variables can be easly caled. The GetWindowText function stores the vaue of the
current selected participant in adocument class variable, m PartID. Depending upon
whether the user wantsto look & that participant’s structurd data or functiond data,

different functions are cdled. GetDemographicData, queries the demographic data of
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the current participant and GetPicturelnfo gets the corresponding participant pictures
entries from the database. Once the data querying is complete, dl the windows are
updated by cdling UpdateAllViews. When a NULL pointer is passed to this function,

all the windows are updated regardless. A typical formis shown in figure 11.
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Figure1l: Top left form - Demographic Data

Flex Grid for Statistical Data

When the user is looking & the gtatisticd data, this form shows outliers from the
population. The excluded participants are decided, based on Ieft and right exclusion
bars on the histogram. All such excluded participants are shown in a MS Flex Grid
which is an ActiveX object and functions smilar to a exce worksheet. The data is
populated in the flex grid with the help of a PopulateFlexGrid function.
m_Form FlexGrid is an object of the MSFlexGrid class which has been defined in

MFC. Some of the important parts of PopulateFlexGrid have been outlined here.

m_Form_FlexGrid.Clear();

33



Each time the flex grid is populated with the new data, it is mandatory tha the old

datais removed by calling the Clear function.

m_Form_FlexGrid.put_TextMatrix(r,c,string);

The flex grid mainly shows the participant ID of the outlier excluded with the help
of the bars. The put_TextMatrix function populates the data a " row, ¢" column. If
the user decides to choose an outlier and study him in detal, he can do s0 by
selecting the participant 1D and clicking the view participant button at the bottom of
the window. As soon as the button is clicked, a new child window is opened showing
the individud body data for tha participant. This functiondity is handled by the

OnBnClickedView function. The different steps are shown below.

RowSel = m Form FlexGrid.get RowSel();
ColSd = m Form_FlexGrid.get_ColSd();
Buffer = m_Form_FlexGrid.get_TextMatrix(RowSel,Col Sd);

The get_ RowSdl and get_ColSel identifies the row and the column of the sdlected cell.
The get_TextMatrix function returns the vaue in that cell. This retrieved vadue is then
sored in atemporary file in the local directory and is automaticaly deleted when its
purposeis served. In the OnFileNew member function of the document class, thereis
aspecid case which handles this. The function checks if the temporary file exigts. If
the file is found, it is read and the necessary information is extracted and a new
window is cdled with the SendMessage function. In al other cases a blank frame is

opened.
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AfxGetMainWnd()-> SendMessage(\WM_COMMAND,MAKEWPARAM(ID_FILE_NEW,

CN_COMMAND), NULL);

If the user clicks a cdl that is empty or it contains the vaue for a particular
dimension, a message box is displayed telling the user to make a vaid sdection.

AfxMessageBox produces a standard windows error box displaying the required

message.

Hiding of window elements

Throughout the execution of the program, there are many window elements which
ae shown and hidden. For eg. When looking a a participants body szes, his
demographic information is shown and during the gatistica anaysis a flex grid is
shown. This showing and hiding is done in the OnUpdate member function of the
CAnthroDBFormView class. OnUpdate is caled whenever an update message is passed

to the window.

GetDlgltem(IDC)-> ShowWindow(SW_SHOW);

A bit is sat in the ShowWindow function which decides whether or not to show that
paticular window element. GetDIgltem gets the pointer to the window eement with

anid IDC. A typica formin statistical data mode is shown in figure 12.
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Figure12: Top left form - MSFlexGrid
4.2.5 Top Right Form

Top right form is associated with one and two dimensiond information whose

specifics are shown in the following table.

Type of Information Information displayed by the form
Individual Body Sizes Body Dimensions
Individual Reach Data 2D Gragph showing reach on X axis

and Shelf heightson Y axis

Individual grip and pinch strengths Grip and Pinch Srength data along

with some statistical information.

Statistical Data 2D Higogran of the sdected

population
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The body dimensions are shown in an MSFlexGrid. The working of the M SFlexGrid
is exactly same as described in chapter 4.2.4. A typicd form in individua body sizes

would look like the one shown in figure 13.
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Figure13: Top right form - Structural dimensions

When working with the reach data, the user has to sdect a specific case before the
2D graph is shown. The different control variables (reach variables) are

1. Weight - Weight can be 0 pound, 1 pound, 3 pounds or 5 pounds.

2. Angle — I s the angle made by the shelving unit with the mid sagitd plane. I1ts vaue
can be 0, 45 or 90 degrees.

3. Shelf — There are 5 shelves whose height depends upon individual body structure.

4. Reference point — The 2D graphs are drawn with respect to a reference point.

There are four reference points in our design - acromion of the reaching arm, distal

knee point, anterior most point and the lateral most point.

37



If the user chooses to do an anaysis on individud reaching capabilities, a series of
dialogs are displayed before he actualy sees the 3D reach envelope. The 2D grephs
show more detaled information about a specific case. For example reach graph of
one pound weight a O degrees with respect to the acromion. This 2D graph shows
the actud reaching distance from the acromion on the X axis and the different shelf
heights on the Y axis. The X coordinate of the origin is same as the X coordinate of
the reference point. Hence if the reach point is behind the reference point, the graph
is plotted on the negative side of the X axis. Points on the negative side of the X axis

are shown in red and that on the positive side are shown in blue.

In AnthroDB a new concept of a clipping plane has been introduced. A clipping
plane is a smple verticd plane which can be moved back and forth a the user’s
discretion. The significance of the clipping planeis that it can be placed a a specific
distance from a reference point and dl the intersection points with the reach
envelope can be cdculaed. This provides the designer with dl the points an
individud can reach in front (or on the side) of his body a a particular distance. On
the 2D grgph the dlipping plane is identified by a dark black vertical line. In
AnthroDB a user can chose from two preset clipping planes, a plane pardld to the

XZ plane, and a plane parallel to the YZ plane

A typica 2D graph with O pound weight, 0° angle and with respect to hisacromion is

shown in the following figure.
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