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BASIC ASSEMBLY USING AN INDUSTR!AL ROBOT WITH

1.

SENSORY FEEDBACK

20 March 1986
Edward Fielding and Hugh Andersen
University of the Witwatersrand, Johannesburg, South Africa

ABSTRACT

The work described in this paper concarns the development of art off-line
robot programming package incorporating sensory feedback to allow
interaction with the real woarld, The package will ultimately be used for basic
assembly operations. The package consists of three systems: an off-line
programiming package, a choice of suitable sensors and a PC based robot
control hardware and software, :

The package is demonstrated by grasping and inserting a cube into a square
hole using fhe sensors to adjust the position of the-end effector as required.

INTRODUCTION

- The need for sensor-based automatic motion pianning and confrol of

industrial robats in an unstructured environment is extensive, For example in-
factory transportation, household chores, military applicetions, chemical,
radioactive, and other applications dangerous fo humans.

Significant research is concentrated on building systems capable of
generating purposeful motion in highly uncertain, complex environment, using
on-line information from robot sensors. An example of such a task would be
moving a mobile robot or a manipulator arm from its starting position to a goal
position in a scene with unknown arbitrarily shaped obstacles. Carrying out
such tasks requires, first, sensors ard related hardware and sofiware for
on-line data acquisition and processing, second, certain intelligent strategias,
and third, integration of serising capabilities into the task planning function.

Task planning can be divided into two categories: on-line and off-line
programming. Ort-line programming is the deveiopment of robot programmes
using the robot to perform the actions and storing the commands and
pasitions as teachpoints as the robot is "walked” through the task. In contrast
offdine programrnmg is the development of robot programmes without using
the rehot and is beneficial primarily due to reduced lost production hours,

In confrast, off-line programming will allow the programmes to be developed
and stored at an earlier stage and down loaded to the robot when reanred S0

‘reducing the amount of down time,
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'DEVELOPMENT OF THE SYSTEM

PC Based Robot Control Files

The PC based robof control hardware and software has already been
develaned by Mr. E Ilios®™.

Choice of a S‘mtabfe Robot Slmufaﬁon Package

Of the many robot simulation packages are commercially ava:lab]e, :
Workspace Version 3, (WS3), supplied by Robot Simulations Lid., England,
was chosen as the platform for developing off-line robot prdgrammes. Ws3
allows robots and their surroundings to be modeled in the package using the
package’s graphical features. The package also allows static and dynamic
analysis of the robot during simulations.

The fact that the pad<age is PC based is its ag this allows greatﬂemblllty

- which was important in this project.

Choice of Suitable Sensors

Vision and ultrasonlc ranging are the most common sensors avallable for
determination of an object's position in Cartesian co-ordinates. However
there are fundamental problems associated with using solely machine vision
ar ultrasound, and therefore a combination of the two techniques was used.

- These problems are discussed briefly below.

Maghine Vision

Two cameras are often used to obtain three dimensional Cartesian position
via stereo disparity. This technique involves viewing a target with two
cameras positioned a known distance apart. The two images are then
matched to determine the same object in each image and the position of the
object is determined by triangulation,

Borgfores™ notes that the matching of two images is problematic due to
possible occlusion, lighting and orientation affects, the resuits of which often
hinder or prevent the accurate positioning of an object, These problems
which would require complex analysis made the fechnique unattractive for our
application.

3D Positloning Using Ultrasonic Ranging
The Cartesian position of an object can also be determined using a bank of
ultrasonic sensors and neural networks as discussed by Watanabe®. The
disadvantages of the technique, for our application, is the physical size of the
bank of receivers which cannot be mounted onto a robot end effector. '

Choice of Sensoﬂsl

Because of the problems discussed above, it was decided to combine the
best attributes of machine vision and ultrasound As a result the CCD was
used fo determing the two dimensional position of the target in the plane
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p'erpendicﬁlar to the tool roll axis and the ultrasonic sensor to determine the
distance between the target and the tool.

BASIC ASSEMBLY - GRASPING AND INSERTING A CUBE

The package developed was demonstrated by locating a cube, grasping it,.

-and inserting it into a square hole, The operations t2 align the tool with the

cube or hale are similar and the cube and hole will be referred o as the
“target” henceforth.

i order to grasp or insert the cube, the tool center and orientation must both
be aligned with the “target” center and orientation. These operations are
explained below .

Locating the Position of the Ta_r_qe

The center of the target is found by examining a ryn length encoded (RLE)
image. By using scan lines as in Figure 4.1 the edges of the cube can be
found using Sobef's edge detection algorithm, which is the best edge
detection aigorithm according to Geuws™.Once the edges of the cube have
been found the center of the cube and orientation in the camera coordinate
reference frame can be determined.

! ' Horizontal scan fing

/’ .

N 4 P __ Mid-point
. Object

L Image

Figure 4.1 : The Use of Scan Lines

‘Once the camera has been calibrated the position of the cbject in the

camera’s reference frame in miillimeters can be determined. A homogenous
transform matrix is used to convert the position from the camera reference
frame to the robot base reference frame. The ultrasonic sensar measures the
distarice between the camera and the target. _

Inverse Kinematies-Converting from Tool to Joint Space
The technique of finding the joint angles in order to place the tool at the
grasping vector is known as inverse kinematics. Numerous inverse
kinematics algorithms exist, however the algorithm presented by Schllllng

- was used as it crffers a fast, closed form solution.



. The algorithm solves the inverse kinematics problem by de-coupling and
solving the homogenous transform matrix between the tool and robot base
reference frames. Using the Denavit-Hartenburg method of representing a

robot, this matrix is shown below where each term s a function of the joint
angles vecter, Q:

Q = {41,92,95,94,95}.

(00l +555  —CimSs +50 —CSpy G010 +a0n Y0 —dssy,)
7 ( el SO ~SCu% G S5 s{ae, +ac, +acq, — dssm)

53455 S Oy S, Sy — S, — iy
0 0 0 1

whete: _

¢1 = OOS(Ch) ) ) 5 = Sin(q1)

& = cos(q.z) . s = Sin(fh)

Gy =cos(G) Sy = Ssinfgs)
o5 =cos{g). 55 = sin(og)

Ca3 - = COS(Qz + Ca) 823 = 5IN{Qz + Qa)

Casa = COS(Qe + Ga + Q) Sps4 = SIN(Q2 + Qs + o}

The inpu’ to the algorithm is the tool configuration vector, W(q), which
consists of the Cartesian coordinates of the tool in the robot base frame and
the tool rall, pitch and yaw angles. Where:

Wi(q) = (X, Y, Z Yaw, Pitch, Roll )s

which, when using the fransform matrix, equates to

E

I'cx(a2c2+a3c23+a4c234—d5s234)

sl(a2c2+a3c23+a4c234~-d55234) |

dl~a2s2-a3523-a45234-d5¢234
—exn(gs /= ))e1s234
fexp(g,/7))c1s234

| —[exp(qs/7)le234 J

Because the approach vector specifies the toel orientation and not the tool
.angle, a method to couple the tool roll angle with the approach vector is
required. The toal roll angte could simply be added as another input
parameter into the inverse kinematics algorithm, but it is possible to couple
the roll angle with the approach vector-which results in fewer input
parameters. The approach vector is a unit vector specifying the diraction only
and can therefore be scaled by a posifive quantlty without changmg the
specified direction. _ _

W(g)=




To recover the tool roll angle from a scaled approach vector an invertable
funation of the roll angle gs is used to scale the length of r°, The scaling
function used is:

o - =f2)

Other scaling functions can also be used but the function is sofficient
bacause f{gs)>0 for all qs and '{q,) is well defined. By scaling the approach
vector by f{(gs) only three values need fo be input into the inverse kinematics
algorithm instead of four which makes for a simpler algorithim,

Solution To T To The Inverse Kinematics Prob!em By Decougfmg_ The
- Arm Eguatmn

~. " 8ince a five degree of freedom (dof) rebot does not have yaw motion, g4, the
robot base rotation, ¢an be found by dividing w= by w, which leaves si/c; as
the factor before each cancels out, Taking the inverse tan of the di\ndend will
resultin q1 being found i@,

4 =atan2(w;, W)
- atan2 is used as this function is defined over th.e'antire_ range {-z.z].
The elbow angle gs is the most difficult joint variable to extract a= it is strongly
coupled with the shoulder and tool pitch angles, Firstly an intermediate
 variable gz, the global pitch angle is isclated. Where:
o =T+ 0+, |

is ihe tool pitch angle measured relative to the work surface x.y, plane.
Inspection of the last three componerits of W(qg) reveals that

| —(ew, +5¥5) = S

W Coag

since the base angle is already known the global tool pltch angle can ba.
- computed using:

. Gy =@ lAN 2[_("'1“’4 + _Sl“'s) » ws]

Once the shoulder angle g, and the eltbow angle qs are known the tool pitch
angle q4 can be computed from the giobal pitch angle gaaq. To isclate the
shoulder and elbow angles two more intermediate variables are defined:

by oW, sy — A0y + sy,
b, = d) — a8y — diCopy =W,



where by and b, are both known because g, and gz have been determined.
Taking the express:ons and substituting them into the above equat.ons
: yields‘

b =aye, +ac,
b =as, vasy,

These two equations involving the shouldsr and elbow ang[és, are _
independent of onie another and the coupling with the tool pitch angle has

been removed. The elbow angle can be found by computing M.bﬂ and aﬂer
using trigonometric ldentlt:es and simplification we have:

o =23 +2a,3,0, +4

thus the cosine of the elbow angle has been determined.. Solving this
equation results in two possible solutions, elbow up and efbow down,

%:Mm[llba’—a:w:]

2a,a,

Thus the solution for the inverse kinematics for a 5 dof robot is not unique
although it is possible to decide whether elbow up or elbow down is required.

The shoulder joint, gz, can be isolated by expanting c.s and sg; in by and by
After rearranging we get:

b = .(az + azca)cz - (ass:-)“'z
b, =(a, +a,6,)5, +(a,5,)c,

 Since gz is known the above two equat[ons constitute a system of iwo-
simultaneous equations ir the unknowns ¢, and s,. After using row operatlons
to solve the simulations equations we get

(az +a,6,)b +asp,

=T L

( + a0))b, +a5h,

TR

The above two equations are expressions fOl".C{z in sine and cosine from
which gz cart be can be recovered over the whole range [z ,~ # | using the
atan? function. :



.g?: =atan2(a; +a,6,)8, - asb, , (8 + e )b +a,sb] -

The tool pitch angle can be now found sincs the both the shoulder and elbow
angles are known. Recall that

%34._ =g+ +4,
therefore

y = oy - 42 —qy
“The tool roll angle, gs, can be determined in two ways, The first way is fouse
the last three terms of the tool vector {recall that these terms are scaled by
the roll angle)

g5 = In{w? + w2+ wg]%

Alternatively the roil angle can be found by examining the tool rotation matrix
R, which is derived from the fool to base transform matrix and is & function of
tha robot joint angles, shown below.

R, R, R, €iCCs +-5'|Ss ~C,CyS5 —CySa34

R=IR, Ry, Ry |=[85000— 08 —SCpu85 —GC;  —8Sp,
R, R, R, —Fa34Cs S5 Oy

By multipl_ying the first component of the normal vector, Ry, by 8 and
subtracting ¢, times the second component the result is:

5= 8RB, —oR,

This will allow the roll angle to be computed over the range [—’V ’7]

i 12 wer to determine the roll angle over the entire range [z, z | cs must

also be determined. By multiplying the first companent of the sliding vector by
8¢ and subtracting c: times the sscond component the result is:

¢ =5R, ~ ey

Given the tool roll angle as a function of cosine and sine gs can be ca[culated
over the entire range using the afan2 function as below

gs =atan 2[s,R“ - Ry, 5 R, "' :Rzz]

However Ry ,Ra1, Riz and Rz, the tdo! rotation matrix, still need to be found
before gs can be evaluated. Since we know what the tool yaw, pitch and roll
angles must be, R can be deten‘nined using the composite rotation matrix

YPR(;& )



YPR(¢ ), is @ composite rotation matrix formed by rotating a mobile
coordinate frame about a fixed coordinate frame a yaw angle,{#+ ), about the
Z axis, a pitch angle, (¢ ), about the Y axis and a roll angle, { ¢3 J. about
the X axis. The resulting matrix Is:

o oo, sso- Gy O 56 +55
- IPR()= l.czss 555468 6% 56
: =5 5G ey

Hence by inserting the tool yaw, pitch and roll angles into YPR(¢ ) R can be
found.

* Hence the joint angles in order to place the tool in the required position and
orientation k e been defermined. Figure 3.7 illustrates this aigorithm
_graphically.

@ = atan2(w,,w)|
l
@y = tan 2[—(c,w‘ +8,W;), ~ w,]
| }

by = oW, + 5w, - 0o + dsSin,
by = d “4'7:14 —dsCys, — ”'3

m{ﬂblz ~a} -z |

g, =2a tﬂnz[(“: + aac:]bz a:lszbl » (aa + aa"'s)bl + as'?abz]

4

|g4 S5~ “":73]

lé, = atmm2siRy =68y o 5 Ry =GBl

Figure 4.2: lustration of the Inverse Kinematics Algorithm
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5.

Determining the Orientation of the Target

| Once the edges and the center of area of the cube have been found the

information can be exploited to find the orientation of the cube with respect to
the camera axes. :

* The distance from each edge’. to the center of area can be found and stored in

an array using Pythagoras’ theorem as shown in Figure 4.3. This array is
then sorted to find the maximum four distances which corespond to the four
corners of the cube. The angle between adjacent corners can now be found
using simpie trigonometry and averaged to find the orientation of the cube
with respect to the camera refersnce frame.

%:Y:i}

X Y2
DaYah

Ay

{X1,Y4}

Figure 4.3 Calculating the Target Orientation

I:XPERIMENTAL RESULTS

WS3 was used successfully to model the robot and the real world
surrounding it. The model was then successfully used to simulate the
grasping of a cuba and the insertion of it into a square hole.

" The camera and ultrasonic sensors to allow the robot to interact with the real

world were accurate and took on average 6 seconds to “letermine the position
and orientation of the target. They were able to position the tool above the
center of the cube or hole to within a radius of 2mm and the alignment to
within 2 degtees. This allowed a 50x50x40 mm cube to be inserted into a
55x55x50 mm hole.

The robot control files are abie to control the motion of all jaints of the robot
{0 a talerance within 30 seconds 90% of the time. -

CONCLUSION

The package successfully completed the basic assembly task although there
are certain problems associated with the technique.




WS3 proved itself as an excellent PC based robot simulation package forthe
development of off-line programmes. However the package has weak
featurss for interaction with other software and DOS which prevent it from
being used as the platform to control the robot and sensors, Work is-being
done by Chen® on a package to incorporate thess features,

Ttie choice of sensors in this project was a good one as they were fast and
produced good results, However the sensors did have two problems
associated with them. Firstly the ultrasanic sensor had a range limitation of

- 150mm which could pose a problem for some assembly tasks. Secondly the

camera was inclined at an angle to the tool roll axis to prevent the robot from
being “blinded"” once the cube had been grasped. This causes fore
shortening of the image and although it was not a limitation for this
demonstration it could cause a problem in later assembly tasks.
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APPENDIX 2

Listing of The Source Code

A completa fisting of the sourcs code follows. The softwase was written in
Microsoft C/C++ Version 7. The software is written as a praject which is
statically linked at the time of compiling the project.

The following files make up the project :

Source cods |, ~ Main procedures
file
align.c BE aligns the tool with the target.
camera.c | = controls the camera and
: _| s _finds the edges, centre of area, comers. _
| cansts.o « oontalns all the robot constants such as tink iength, limits atc.
htms.c | % contains the homogeneous transform matrices. '
init,_rbt.c » Initializes the Lrn 628 chip, camera and ultrasonic sensar.
inv_kin.c » oalowlates the joint space given the carieslan space,
Im_cennd.c » controls the motion of the joints.
master.c - + the "master” file which slar{s the package and calls the
. _ procedures.
movehome.c » noves the robot 1o the home ; csitmn
uitrasnd.c « _initializes the & to d card and
[ » obtalns the ultrasonic sensor's voitage and
«__converts the ultrasonic sensor's voitage into a measurement,
utils.c ¢ menus and
= saving the current Joint space, _
w_offlin.c « transiates the WS3 track file Into a fiie which [m__cmnd © can
_ use o control the robnt,
ws3toc.c « convens the W33 track file from WS3 format into a format that
' ‘the source mde can undeystand.




. ALIGN.C

M
ALIGN‘C aligns the robot with the target based on the offset dlstanoes
and angle obtalned from (‘AMERA C functions

bl

#nclude <math.h> .
#include®c:\masters\projlext_vars.h"
#include'c\masters\oroj\friproto.h"

 float DistThrash=2;
[ s
AlignTool(Int Object)
USAGE

" - allgns the tool in tha Z plane, cumpensaung for tha rotation of axes
1 and 5

_ INPUTS
whether wa are Iookfnq for tha cube or hole centre of area

OUTPUTS
the X and Y differences befween the tool éentre and cube/hole centre in
rohut base coords which is then passed on to inverse kinematics

vl el A e ek i‘(
* AlignTool(int Object)
{
float ¢1,02,03,¢23,0234,65,Ch;

fioat 81,52,53,523,5234,55,5b;
float Cy,Cp,Cr,Sy,Sp,Sr;

- float R11, R12, R13, R14, R21, R22, R23, R24;

float R31, R32, R23, R34, R41, R42, R43, Rdd;

float T11, T12, T13, T14, T21, 722, T23, T24; -

fioat T31, T32, T33, T34, T41, T42, T43, Td4d;

 float Templd]i4}; -
Int OffsetThresh=2, 1, Flag.

#ail dimensions In mm 1l :

 float Xeam, Yeam, Zeam, Xiool, Yiool Ztoo), Xbase, Ybase, Zbase.
float ToolTol=2, AngTol=2; {miliimeters and degrees

float PixPermmi, PlxPermmY, Dist2, IntX, [ntY;

Tzt Posld], Rot[4]f4], IntHt,tempi8], D

exfern int Objdepth;

extern float Xo, Yo, Zo, Beta, Zus;

' SelCursor(ACTlVITY,Z):
printf("Aligning the tool with the target'};

.Xbas'en‘(baseﬂouﬁol +10;



0fl‘setAngIa=AngToI-i-10' _ . .
u{mue((fabsocbasep'roorrol)[l(rabscvbase)>Toa|To|)||(fabs(0ffsetAngts)>AngTol))

InputHandler(TARGET);
UltraSndSensor();

if(Dist>800 ||. Dist<5)
{Errors(1); bre_eak: }

{fZoarn == dist from camera to cube/hole

f(Object==1) . ffalign with. cube
D = (Dist - Zus) + Zo - ObjDepth;
1{Object==0; {falign with hole

D=(Dist-2us)+20:
Zcam = (floa)D/sin{(20-fabs(Beta))/R_TO_D);

Pleermmx ax'puw(Znam A) + bx*pow(Zcam,3) + m*puw(anm.Z)
+ d¥*Zeam + ex;

PixParmmY = ay*pow{Zcam,4) + by*pow(Zcam,3} + cy‘puwCanm )

: + dy*Zoam + ey

 Hconvert from pix to mm in camera caords
Xcam = OffsetX/PixPermmX; '
“Yoam = OffsetY/PixPermmyY;

HHTM from carmiera to tool coords
Cb= cos{Beta/R_TO_D};
Sh= sin{Bete/R_TO_D);

™ =1, Ti2=0;. Ti3=0; T14 = Xo;
T21=0; T22 =Ch; T23 =-8b; T24 = Yo,
T3 =0; Taz = 8h; T33 = Chy T34 = Zo;
T4 =0; TA2 = (), T43=0; - T44=1;

Xtool = T11*Xcarn + T12*Ycam + T13*Zcam + Xo;
Yiool = T21*Xeam + T22*Yoam + T23*Zcam + Yo,

' ~ Ztool = Dist - 50; : flean also use above HTM but using us

Jidirectly will glve hatter results
HHTM from too! to robot base coords

fou(i=1;l<=5;++)
templl]= «bsAngfil;

el = gos{temp[1] / R_TO_D);
c5 = gosftempl5] / R_TO_D);
623 = cos{({tempf2]+temp[3D/R_TO_D);
€234 = cos({temp{2j+temp[a]+temp[]}/R_TO_D);
s1 . =sinttemp[1]/R_TO_D)



- =sln(tempt51! R_TC D), .
§23 = sin{ftemp[2}+temp[3)/R_TO_D};. .
3234 = gin((temp(2}+tempfS]+temp{dD/R TO D)

'R11=01%c234*c5+51°s5; R125-01c234"s5+51%c5; R13=-c1%s234;
Ri4=ci*(a[2]'c2+afd)cad-d[5)'s234);

. R21=s1*0234%c5-01%s5; R22=-51%6234%s5-01"65; R23=-51*5234;
R24=s1*(a[2]*c2+a[3]*c23-d[5]'s234);

R31=-58234%c5: R32=5234%5; Riz3=-c234;
Ra4=d}1]-al2]*s2-a[3]"s23- d[5]*c234

R41=0; Ré42=0; R43=0;
R#4=1;

Xbase=R11Xtool + R12*Viool + R13°Ztool; #+F ¥
Ybase=R21*Xtoo! + R22"Vloo| + R23*Ziook; /* + R24- 1Y
. Zbase=R31*Xigo! + R32"Ytoo| + R33*Ztcol; / + R34*

if(tfabs{Xbase)>ToolToh|(fabs(Ybase)>TeolTol)jj(fabs({Offsstangle)>AngTol) )

Pos[1]=AbsPos[0] + Xbass;
Pos[2]=AbsFos[1] + qusa.
Pos{S]—AbsPusizl.

Yaw = 180;
Piteh = 0; :
Rall ~= OffsetAngle;

' Cy=cos(Yaw/R_TO_D); Cp=cas{Pitch/R_TO_D) GFcos(RollfR_‘To_D)';
Sy—s.n(YawfR TO_DY; Sp=sin{Pitch/R_TO_D); Sr=sin{Rall/R_TO_D});

© TempH][1]=Cp*Cr; Temp[1][2]-Sy*Sp*Cr Cy*sh; Temp[T][sl-CV‘Sp*GH Sy'Sr;
Temp2][1]1=Cp*Sr;  Templ2][2]=Sy*Sp*Sr+ Cy*Cr; Temp[2}{3}=Cy*Sp*Sr - £y*Cr;
Temp(3l[ti=-8p;  Temp[3){Z[=Sy"Cp; Templ3][3j=Cy*Cp;

\nvKinematics(Pos, Temp.ZERO4),
Update(;

-}
}

SetCursor(ACTlVlTY 2;
prtntf(“ _ %

}

!*--. el ek e e ek &
IntersectPos(int Object2)

USAGE
positlons the tool a cartain height above the cubefhole 50 that the
cube/hole is In the CCD's fleld of view



INPUTS o
whether we are at the cube or hole

OUTPUTS
the differance hatween lha pnasam helght and the height the CCD ought to '
be above the cubathole passed on to inverse kinematics _

ke 4]
IntersectPos(int Objeci2)

{ .
float P[7], D1, IntHt;
extarn int Objdepth;

SetCursorfACTIVITY,2);
printfi"Maving tool along Z axis")_;

f move the toof down unti{ the camera ¢ _line & tool ¢_jine
are an top of the target ¥/

if{Object2==1) Halign with cube
IntHi=IntersectHeight; _ :
iH{Object2==0) : ffalign with hole

Int!-tt“lﬂterfsectﬂ&igththapth
UltraSnoSensor(; -
whlle(fabs(DIst-lntHi)>Dlst"‘hresh )
UltraSndSensoro.
IF{ Dist>800 |; Dist<5)
) { Emors(1); break; }
else

{ .
C¥=Dist-intHt;
" MoveZAxis(-D1);

Y
Update();
Yo

}

I* " defedvivl, ke
vuld'GraspOh]act(vuld)

USAGE '
moves the tool down the robot Z axis untll the gripper f‘ ingers will -
close on the sides of the cube

INPUTS
the present height of the tool above the cube



OUTPUTS
the amount the ool should move down the robot Z axis which e
then passed on to inverse klnemalics . -

- "
void GraspOhject(void)

- flpat PickHeight;
float P[7], D1, D2, Fstbt, SecPt; . '
it DIstThresh-—s Flag=FALSE, Flagz-TRUE count=0;
extern float Zus;

: Setcursor(AcTNITY 2y
pr!ntf("Moving Down to Grasp the Target");

FsiPt = ObjDepth + fabsZus) + 60; /IFstPt is the first piuk polnt
Secht =_ OhiDepthv2 + fgbs(Zus) - 5; _ //SecPt Is the second plok puint

* move the tool down until the camera ¢_line & tool ¢ I!ﬂa
are o1 .top of the target */ .

‘while(fabs(Dist-FstPt) > DistThresh)

{ .
MtraSndSensor();
If( Disk>800 j| Dist<5)
{ Errors(1); break; }
eiss o :

{

D1=Dist-FstPl; {fthese dists are the US dists above the bench
MoveZAxis(-D1);

Updais(),

}

} _
while(fabs(Dist-SacPt) > DistThresh && count<='.1)
{ ' '

UitraSndSensor);
I Dist>800 [| Dist<5)
{ Errars(1); break; }

{

" count+E;
D1=Dist-SecPt;
MoveZAxis(-D1);
Update(sy

glse



SelCursor(ACTIVITY,2); o
prntf(" b7

:

~ P
" vold InsertObject{void)

USAGE :

moves the tool down the robet Z axls untfl the grlppe. f ingers will
_insert the cube into the hole

INPLRS

the present height of the tool above the cul:-e

OUTPUTS
the amount the tool should move down the robot Z axis which Is
. then passed on to inverse kinematics

. "
vold InsertObjeci(void)

{

float InsertHeight;

float 2[7], D1, D2, FstPt, Seckt;

int DistThresh=3, Flag=FALSE, Flag2=TRUE, count=0;
extem float Zus;

SetCuUrsor(ACTIVITY,2);
printi{"Moving Down to ingert the Object");

FstPt = ObjDepth + fabs{Zus) + 80; {fFstPtis the flrst pick point
SeacPt = ObjDepth + fabs(Zus) - 30; #SecPt is the second pick point

" SetCursar(ACTIVITY,2);
printf("Moving tool along Z axls"}.

{*mave the tool down until the camera ¢_fine & tool c_llne
~ are on top of the {arget ¥ .

while(fabs(DIst-FstP?) > DistThresh)

LiltraSndSensor(;

If{ Dist>800 |} Dist<5)
{ Ervors(1); break; }

‘alse

{ .
D1=Dist-FstPt; {ithese dists dre the US disls above the bench
MoveZAxis(-D1); E .



" Update(,
} .
}

while(fabs(Dist-SecPt) > DistThresh && count<=1)
obs > SiThre:

Ultra$ndSensor();
If{ Dist=800 || Dist<8)
~ { Errors(1}; break; }

count++;
D=Dist-SecPt;
MoveZAxis(-D1);
Update();
}
‘OpsaHand();

SetCUrsorACTIVITY,2);
. printf(" |

)

1



CAMERA.C

M _
TITLE : CAMERAC 27 Apri995
DESCRIPTION: .
A Tive video image is displayad on the PC monitor .
and can be cafibrated to messure the width of an object.

Orice the programme has been calibrated it can be used to find. the
dimensions and orientation of an object.

*f

#nclude <conio.h>

#include <dos.h>

" #include <sidio.h>

#include <stdlih.h>

#include <string.h>

#include <mallogc.h>

#nclude <math,h=

#include "ci\masters\projlext_vars.h"
#include"cumastersipraj\fnproto.h”

typedsf unsigned char BYTE ;
typedef unsigned int WORD ;
typedef int BOOL;

#define VIDEO_INT 0x10

#define DRIVER_SIG ~ "VBLAST"
#defir SIG_OFFSET  0xi03
#sofine. B_GETVERSION 0x00
#define VB_INITIALIZE 0x01

#dsfine VB_TERMINATE 0x02
#dafine VB_GETICFORT 0x03
#define VB_GETVIDADDX 0x04
#define VB_GETINTRNUM  0x06
#define VB_GETFREEZE Ox0A
#define VB_GETDISPMODE  Ox12
#define VB_READFRMBUF 0xiC
#defirie VB_GETPHYCOOR 0x28
#define VB_SETLOGICEXT 0x108
sidefine VB_SETFITMODE 0x108
#define VB_SETSCALE  Ox10F
fdefine VB_SETFREEZE 0x10A
#define VB_SETDISPMODE  Ox112
#define VB_SETPOS  Ox115
#deflna VB_SETSIZE  Ox116
#define VB_SETCOILKEY Oxt17
#define VB_WRITEFRMBUF 0x11C



- didefine WIN.X 0
itdefine WINY 2 -
#define WIN_WIDTH 40
#lefine WIN_HEIGHT 14

#define VID_XORG &
#define VID_YORG 100
#define VID_HEIGHT 500
#define VID_WIDTH 460

| #0ufine WHITE 070 _
#.efine BLANK 0x00
gdefine INCREASE

#define DECREASE 0

#define READ o
#daﬁns 'WRIT_E ) 1

#define GREY_LEVELS 286
#define CRET o
#define ESCAPE - OxiB
#define SPACE 0x20

#define UP  Oxd47
#define DOWN  0x50

unsigned  far "vidPtr = (unsigned far ")OxB8000000L;

int wVBIntrNum; :
union REGS  regs; :
struct SREGS  segregs;
typadef struct tagWINREC{

intwX;

IntwY ;

intw\W ;.

intwH ;

_ }WINREC; =

typedef WINREC far* LPWINREC ;
WINREC winrec;

unsigned int wXpos , wYpos , wWidth , wHaight ;
char  huge* ptrbuffer

char  huge* pir . ;

long dwMemorySize ;

int CameraConst;

unsigned long WIDTH , HEIGHT;

int LeftX[75], RightX[75], YI75], CniriHor=0;
Int TopY[75], BtmY[75], X[75], Cntr'vVer=0;
Int LimX, LimY:
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int CentroidX, CéntroidY; -
int VideoScale;

" float XScale, YScale;
© . int Xdisti75), Ydlsif7s);

" int “indaex;

!* etk drirkdrrirkirkok

Int FindVbistdrv({char szDﬂverSm)
- USAGE

Checks whether FS200DRV Is Installed and find the Interrupt vector
to call FSZ000RV API functions. -

INPUTS _
szDriverSig - stiing containing the driver signature.

OUTPUTS

Inlerrupt Vactor Number
0 if FS200DRV not Installed

Setrirricifricink i i t\"

int FindVblstdrv{char *szDrlvarSIg)
{

vold far *ipintiVect;
fnt i, found = 0, wSiglen = strlen(szDrlvarSlg).

* check from Intercupt vector 80h to Eth i
for (f = 0x80; | < 0xCO &4 lfound; 1++)

{
* get pointer ta driver ¥/
Ipinirvect = {void far *y_dos petvect();

/* set signature offset % _
FF_’_OFF(Ip[ntNBGl} = BIG_OFFSET;

* check for driver signature %/
if (I_fstmicmp(Ipintrvect, (char far ')szDriverSig. wSlgLen})

found = |;
break;
}
}
return{found);
i*

int CallvVhistdrv(REGS *regs, SREGS *segregs)
USAGE

Calls FS200DRY with reglsters set with appropriate value for the AP
function to be performed. -

14



INPUTS
regs registers set with appmpnate value for the APl call
segregs - segment registers set with appropriate value for the APl call -

OUTPUTS
TRUE - AP call successful
FALSE - API call failed
regs - registers contaln the retum values
segregs - segment registers contain the retum values

e n.n e e 3 *f

~ int CallVbistdre{univn REGS *regs, struct SREGS *segregs)
{ '
static char *szEtrfMessagef] = {
. "“ideo Blaster FS200 driver is busy"; . _
"VIDEOBLST_FS200 environment varfabte is not present or*
“Incorractly set",
"Video Blaster F8200 is not found at the specifled |O "
"address",
"Interrupt not detected using tha specifled Intenmpi v
“number",
"Function specifled Is Invaild®,
"Parameter passed to the function is out of range"
"Function is invalld in a particolar Fit-window mod
"Unable to open CTFS200,CFG flle™,
" *Not sncugh data in CTFS200,CFG file",
*CTFS200,CFG file Is pot a valid Video Blaster FS200"
"sonflguration file"
"FS200DRV driver has not been inltisllzed,

b
int fRetVal = TRUE;
inteBx(w\/BintrNurn, regs, rags, segregs);

#* check for error ¥/
If (regs->x.oflag)

printf(“\nERROR: %s\n", szErMessagejregs->x.ax-11;

fRetVal = FALSE;

} .
return (fRatVéD;

} .

A

vold DisableDriver{vold) .

USAGE
Disables video dri er and exit.



 vold DisableDriver{void)

INPUTS  OUTBUTS

. - None . None

*

(-

I Torminate driver ¥
rogs.x.bx = VB_TERMINATE;
CallVhistdrv(&regs, &segregs);
SelCursor(ACTIVITY, 2},
printf("Driver terminated™);

- void Draw’tﬂnndow(' nt wm__x. int win_y, int win_width, int win_heught,

Int color)

USAGE
Function to draw window

CINPUTS o OUTPUTS

vold DrawWindow(int win_x ,int win_y ,Int win_width ,int win_height ,Int color ) -

{

win_x :xcoordlnate of window Nons
win_y :y coordinate of window

win_width : window's width - '

win_height: window's height T

color ¢ color that use fo fill up the wiridow

b e "

it x,¥;
int  tmpx, impy ;
unsigned long videodala ;

tmpy = win_y+win_helght ;

- tpx = win_x+win_width ;

videotata = color;
videodata <<=8 ; '
videodata {=0x20 ; // a biank character

* Draw window */
for {y = win_y; y < tmpy ; y++)
for (= win_; x < tmpx ;. x++)
© vidPtr + y * 80 + X) = videodata;

18



,* ek
void SetupVideoWindow(vold)

USAGE
. -Setup fnmaf video window

INPUTS . QUTPUTS
MNone None

g " kb ik o
void SetupVideoWindow{void)
{ '

{* Set Logical Window Extent to 1000,4000 =~ %
* f* Note : This Is alse the default value if you */
" ‘do not set it explicitly "

regs.x,bx = VB_SETLOGICEXT ;
regs.x.ax = 1000 ;
regs.x.dx = 1000 ;
I (ICallVbistdrv(&reps, &segregs))
‘DisabileDriver();

f* Set color key */

regs.x.bx = VB SETC:OLKEY

regsx.ax=7;  / colorkey == white

1] (!CallVbIstdrv(&rags, &sagregs))
DisableDriver(; :

F* Set video position %/

regs.x.bx = VB_SETPOS;
rege.x.ax = VID_XORG;
regs.x.dx = VID_YORG;

Iif (tCativhistdrv{&regs, &segregs))
DisableDriver();

#* Set video width and height */
© repsx.bx = VB_SETSIZE;
‘regs.x.ax = VID_WIDTH;
regs.x,dx = VID_HEIGHT;
if {ICalivVblstdrv{Breps, Asagrens))
DisableDrivery;

1* St fit mods to 4

regs.x.bx = VB SETFITMODE

regs.x.ax=4;

if ('CaIIVblstdw(&regs, Bsegrags))
DisableDriver);



# Set video display on ¥ :
regs.x.bx = VB SETDISPMODE,
regsxax=1; :
if (!Cail\fblstdrv(&mgs &segrec;s)) _
DisableDriver();

/* Transiste the video logleal covrdinate to physmal noordinats *
- regs.x.bx = VB_GETPHYCOOR ;. .

regs.X.ax = VID_XORG

regsx.dx = ViD_YORG ; _

if (|Calfvbistdre{Bregs, &sagregs))

DisableDyer();
WXpos = regs.x.ax ;
wYpos = regs.x.dx ;

regs.x.bx = VB_GETPHYCOOR ;

regs.ax = VID_WIDTH ;

regs.edx = VID_HEIGHT ;

if {{CallVbistdrv{&regs, 4segregs))
DisableDriver];

willdth = regs.x.ax ;

wHelght = regs.x.dx;

# round width to 4 pixels multiple *
ifwWfith & 3)
WWIdth=(WWidth &~3) +4

winrac.wx =.pros ;
wlhrec.wY =wYpos;
winrecwWwW . = wiWldth ;
wintecwH =wHelght ,

} .
o

vold AllocateMemory({void)

USAGE
Alfocate memdry to store image
INPUTS OUTPUTS
None None

, o
void AllocateMemory{vold)
{ _
dwMemorySize = wWidth*3 ;
dwiMemorySlze *=whaight ;

WIDTH=3"wWidth; HEIGHT=dWMemorySize/WIDTH;
VidsoSoale = WIDTH/HEMHT; :



if( {ptr = {char huge *) halloc(dWemorySIze, sizeof{char))==NULL)

{
- DisableDriver() ;
prmtf("Memory Allocahon Falled!') :

E
| e

vold InputHandler{void) -

USAGE
Handles user Input from keybuard

INPUTS OUTRUTS"
. None None

etiiankd s RS ]
void InputHandler(it key)
( :

" get a key Input ¥/
switch (key) _
‘oase 1 i/ Toggle colorkey onfoff */
regs.x.bx = VB_GETFREEZE,;
if (ICallVbistdrv(&regs, Ssagregs)) .
bisahleDriver();
regs.x.ax "= 1; :
regs.x.bx = VB_SETFREEZE;
if {ICallVbistdrv{&regs, &segregs))
DisableDriver();
break;

case 2 s Hind corners *
- Freeze(y

FindEdges(;
entroid{);
MaxDlst(;
UnFreeze();
FreeMsm();
break;

case 3 : /*markedges */

' Freezs();
FindEdpes(;
PrintEdges(hy;
PrintEdges(v');
UnFreeza();
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break:

case 4 : M Toggle video on/off %
regs.x.bx = VB_GETDISPMODE;
if ((Calvbistdrv{&rags, &segrags))
DisableDriver;

regs.x.ax f=1;
regs.x.bx = VB_SETDISPMODE;
If {{CallVblstdrv({&regs, &segregs))
DisableBriver();
break;

case 5 1 Mfind target centroid %
Freezea(); '
FindEdges();
Centrold();
UnFreeze();

_ break;
}
}

"

~ void ReadORWriteBuffer(int actlon)

USAGE o _ _
Perform Read/\ /iite from#ito framebuffer

INPUTS : OUTPUTS
action : 0toread; 1 forwrite. None

TERSRR

vold ReadORWrlteBuffer(BOOL bAction)
{ o
WINREC far* IpWinRec = (WINREC far*} &winrec

regs.X.ax = . :/IRGB24
segrags.as = FP_SEG((char far*) pk) ;
regs.x.di = FP_OFF({shar far*) pir) ;

segregs.ds = FP_SEG{pWinRec) ;
regs.x.sl = FP_OFF{pWInRec) ;

if (bAction == READ)
regs.x.hx =VB_READFRMBUF |
elsa if (bAction == WRITE )
regs.xbx =VB_WRITEFRMBUF ;
if (lCallVblstdrv(&regs, &eegrens))
DisableDriver);
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vold SetCursor@nt row, int odlurhn)

- USAGE
.. Bet cursor position

INPUTS - o . QUTPUTS
row © xcouardinate None
column : y courdinate

TR kb * ¥

. void SetCursor(int row, int column)
{
#* Set cursor position®

regs.hah=2 ; /i BIOS Video Service Function 2
regsh.bh=0 | //paged

regshdh=row ; Hrow

regs.h.df = ¢olumn ; #f column -

int8&(VIDEQ_INT , &regs, &rags) ; _
printf(" . ™

regs.hah =2 ; // BIOS Videa Servics Function 2
regs.h.bh=0 ; #pape
regshidhn=row ; #row -
rens.h.dl = column ; {f column
IntBE6(VIDEO_INT , Aregs, &regs) ;
” o

void Clear()

USAGE . L _
Clears the line sbeneath the video image

INPUTS oUTPUTS
jow X coordinate None
column : y codrdinate

*f
void Clear{void) |

l{nt i;

for(i=1 8:I<=_23;I++)
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" printf(" . - _ oy
}

vaid DisplayStartupScreen{void) -

USAGE : _
Draw the Startup Screen

INPUTS ~ OUTPUTS -
© None _ Nn_:ma

pon ey '!

void DisplayStartupScreén(void)

/*  Display Tills i
pnntf(' WIEW OF CAMERA MOUNTED ON TOOLWn") ; -
_Plllll.l[ \I# ") 1

M BIOS Video Service : Hide cursor */
I regs.h.ah =1 }

regs.hi.ch = 0x20 ;

regs.hel=0 ;

int88{VIDED_INT , &regs, &regs)

Fid Dréw a main window and fill WHITE %/
DravWWindow(WIN_X, WIN_Y, WIN_WIDTH ,WiN_HEIGHT ,WHITE } ;

o
void CrossHair(int Number, int Colour)

USAGE _
draws a cross hair on 1he screen at the position and colour specified

INPUTS - '

the camera carteslan position and colovr
OUTBUTS

- @ crogshair [

vup
void CrossHair(int Number, Int Golour)
{

long i, ], centre[30];

WINREG far* IpWinRec = (WINREC far*) &winree
Cintkg
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pirbuffer=pir ; - .

Mniddie=dwMemorySize/2 + 1.5*wWidth; */ ' S
feentre =y *WIDTH +x; /feantra of crosshair
for(k=1;k<=Number;k++)

centrelk] = (Iorig}Cs_HaFrY[k] * WIDTH + (long)CsHairXIk);

for(i=centre[k|-10i<centre[k}+10;1+=2) /Morizontal bar

- plrbufferif=Colour;
for(i=t:enire’{k1—2*WlDTH;i<centre[k]+2WIDTH;i+¥WIDTm Hvertical bar
{ ' :

ptrbuffer{ij=Colour;
pirbutferi+1}=Colour;
ptrbufferfi+2]=Colour;
} _

3

f{aadORWriteBdﬁer{WRlTE);
)

o

USAGE
5
1 and 5

INPUTS

OUTPUTS

void Histogram{
{ o
unsigned long i;

ReadORWiiteBuffer(READ) ;

”

for{i=0;i<=dwMemorysize;i++)
{

}
*
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I

USAGE
s
tand 5§

INPUTS

QUTPUTS

]
void Freeze{void)

regsx.ax = 1;. ' " fffreezes image
regsae.bx = VB_SETFREEZE;
if (ICalivVbistdrv(&regs, &segregs))
DisableDriver();
FzeFlag=FROZEN:
}

s

USAGE
1 énd 5

INPUTS

OUTPUTS

"

void UnFreeze(void)

{ : \

- regs.x.ax=0; ffunfreezes image
©oregsX.bx= VB _SETFREEZE;. )

If (|CallVbistdrv(&regs, &segregs))



DisableDriver():
" <eFlag=LIVE;

P N b dd
vold FindEdges(void)

USAGE

finds the edges of the cube or hole using the Sobef edge detector

INPUTS
_ the image

OUTPUTS

‘the position of the edyes found stored In camera X and Y coordinates

*
void FindEdges{void)
{
int StepY =4;
int StepX = 25;
int MAXX=400, MINX=-400;
int MAXY=400, MINY=-300;
int néﬂ, EdgeSteX=0, EdpeStry=0;
int Max3{, MInX, MinY, Maxy;
int a,b,c.d,e,fa.hijkl;
int Xave=3, Yave=0; .
unsigned long Index; - _ _
unsigned long x, ¥, x1=0, x2=0, y1=0, y2=0,
WINREG far* pWinRec = (WINREG far*) &winrec

 SetCursor(ACTIVITY,2);
printf"Finding Edges");

plrbuffer=ptr; _
ReadORWrlteBuffer{(READ) ;

CmrHor=0: CntrVer=0;

[+ wesRIND HORIZONTAL EDGES* - v/
MakX%MAXX; MinX=MINX; |

_ for(v=5:y<HE|GHT~5;y+=stepY)

for{x=50;x<\WIDTH-50¢++)
{ .



Index=y*"WIDTH+x;
a=pirbuffer{indes+ 1 -WIDTHE
b=ptrbufferfindex+1}
c=pirbuffer{index+1+WIDTH];
d=pirbuffer{index-1-WIDTH];
e=pirbuffer{index-1];

f=ptrbuffer{index-1+WIDTHE,
EdgeStiX = d+2*e+f - (a+2*b+a); _
. lf(EdgeStrX<MInX ) {ifor blaek fore, white back
{ MinX=EdgeSt{; xi=x; } Heft edge o
If(EdgeStrX>MaxX ) fifor black fore, white back

{ MaxX=Edge&trX: x2=x; ) - ffright edge
} /and of row™ .

i x11=0 && x21=0 && x2>x1+50)

{ LeftXjCntrHor}=x1;
RightX{[CntiHor]=x2;
Y[CntrHor]=y; CnfrHor++;

}

MaxX=MAXX; Mlnx=MIN}(;x1=rx2=0;_
} /end of col
A "_*"*.***FFND VERTIGAL EDGES
for(x=50:x<WIDTH-50;x+=StepX)
{ _
for(y=10;y<HEIGHT y++)
S ¢
Index=y*"WIDTH+x;
© g=ptrbuffer{index-1+WiDTh}
h=ptriouffer{index+WIDTH];
i=pirbuffer{index+1+WIDTH];
j=ptrbutfer{index-1-WIDTH];
k=pirhufferiindex-WIDTH];
{=ptrouffer{lndex+1-WIDTH];

EdgestrY = j+2*k+] - (g+2*hH); -
if(Edgestry>Maxy * Mffor black fore, white back

{ MaxY=EdgeStry; y2=y; } /ibottom edge
If{EdgeBtrY<MinY ) Iffar black fore, white back
{ MinY=EdgeStry; yi=y;}  /ltop edge
) .

f(y11=0 &6 y21=0 && y2>y1+5)
{ TopYCntiVeri=y1;



BimY[CntiVerl=y2;
X[Cntrver)=x;
Cntriers+;

' Maxy=MAXY; M]n'Y=MINY; ¥i =y2=0;

| SelCuwsor(ACTIVITY,2);
© prind™ ]

}

)‘*
int Guntroid(

USAGE _
finds the sube ot hole centre of area

INPUTS
the position of the Image coordinates

OuTPRUTS : _
the contra of area of the cube or hivie In camera coardinates
v«! .

int Cantrofd{)

int Xave=0, Yave=0;

int TotalXave=0;

int TotalYave=0;

fnti '
int Wd, Ht, Wdave=0, Htava=0;

SetCursor(ACTIVITY,2);
printf("Finding Centroid™;

for(=0;i<CntrHori++)
{

Xave = ( LefiX[i] + RlghtX[i] }/2 ;
TotalXave += Xave; '
\Wd = RightX[}] - LeftXq);
Wdave += Wd;

y .

for{i=0;l<CntVer++)
{
Yave = { TopY[{] + BimVY[l] }/2 ;

TotalYava += Yave;
Hi= BtmY[i] - TopY[y;



" Htave += Ht
3

if(Cntrior=0 && CnirVeri=0)

{
CentroidX = TotalXave/CntrHor;
CentroldY = TotalYave/CntrVer;
Objwid = Wdave/Cniror;
OhjHt = Hiave/CntrVer,

else :
Errors{1};

LimX = ObjWd/2;
LimY = (OhjHY/2) * VideoScale;

OffsetX = (floa)CentroldX - (oa)WIDTHI2 ;
OffsetY = (float)Centroldy - {floaf)HEIGHT/2;

OffsalY = -{*OffsetY;  /ithe :CD orlgn Is at the

OfisetX = -1*OffsetX; o {Aop left and not bottom right

CsHairX{1]=WIDTH/2;

CsHairk{2[=CeantroidX;
CsHalrY[{}=HEIGHT/2;
CsHalrYf2j=CentroldY;

CrossHalr(@ White);
SetCursor{ACTIVITY.2);

pinti(" '
} .

II

USAGE
s .
1and &

INPUTS

QUTPUTS

Y
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. MaxDistd) -

{

float dx, dy, PixDIst1 Uu],

float Max=0;

int i, |=0, Mkr, k=0, ¥tag=0, NoVals, Flagz-n
_int XScale=5, YScale=1, Num;

SetCursor(ACTIVITY,2);
prtntf("Locating C:omers"J:

HNum = CntrHor+CntrVer;
PixDist = (float ¥) calloc(ntiNum, slzeof(ﬂoat} ) *!

for(i=0;i<CntrHori++)
{ .
dx = abs { (CentroidX - LeftX[i]} );
dy = abs ( (CentroidY - YII]) * VideoScale );
PixDist[} = sqri{ pow((float)dx,2) + pow((float)dy.2) ¥
- Xdist[i] = Leftxfl);
Ydistif= Y[,
A
} .
for{=0;i<CntrHori++)
{
dx = abs ( (CentroidX - nght)([l]) ¥
dy = abs { (CentroldY - YIi) * VideoScale );
PixDistfj] = sqri( pow((ﬂoal}dx,zj + puw((float)dy,z) ¥
Xdistfi} = RightX{il;
Ydistff] = YTil;

Jad;

SetCursor(ACTIVITY,2);
printf(* end of maxdist ")

Sor{FDist));
)

USAGE
1and 5

- INPUTS
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OUTPUTS

o
Sort(float Hstflint size)
{

int out,in, tp,l;
floattem pi

lndex - (int %) calloc((int)size slzeof(ni))

far{i=0;i<size; |++)
Indexil=[;

for(out=0;out<slze-1;0ut++)
for(ln-out+1 ln<size a4}

iflistfouwt] > listlin] )
{ - .
tp=Index(in);
Indexfin]=indaxfout];
Indexout}~tp:
tamp=listfin];
list[In}=list[out];
listfout}=temp;

3 |
Corners(iist,index size-1);

}

Filh siishia
Cormers(float Dist{Lin{ index[l,int size)

USAGE .
finds the comers from the amays holding the edge positions

INPUTS _
the aedge positions

OUTPUTS _
the pasitions of the 4 comers

i
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- Comers(float Dist[],Int Index],int size)
{

int Crir{6],CnriNofB], start=siza, Mks{8], Flag, NoCnrs=4;
int wait, k, Deltax]s], Delta¥Y]5];

Inti;
int dx1,dx2,dx3 clx4 Ay1,dy2,dy3,dy4;
int Ang[3}; _
Crr[0l=Index{start];
Mkr{0]=slze;
for(kz=1;k<=NoCurs-T;k++)
{ . .
for{i=start-1;i>star-11;i--)
A
~ Flag=g;
switch (k)
{
cage 1: dx1 = aha(xdlstilndex[I]]-Xdlst[Cank-‘l}])
dyT = abs(Ydistlindex[ill-YdistiCnrik-11]) * VldEOSca!e,
if( dx1>LImX || dy1>LimY }
{
Corikj=Index[l];
MkrK]=i; -
Flag=1;
} _
' eak; - :
cage 21w * = abs(Xdist{index(ij]-XdistiCnr{k-111); :
dy1 = abs(ydistfindex[[f-Ydist{Cm{k-1]]}* VideuScale;
dx2 = absQddistfindexil}-XdIst[Cnr{k-2]D; :
dy2 = abs(ydistfindex(ill-Ydist{Cnrik-2]))* VideoScale;
ifC (x1>LImX I dy1>LimY ) && (dx2>LimX |f dy2>LimY )}
{
Cnifk]=indexfl;
Mkrik}=l;
Flag=1;
}
braak;
case 3: dxi = abs(Xdist{Index([]]-Xdist[Cnr{k-1]]%
dy1 = abs(ydist{indexifj-Ydist{Cnilk-1]])* VideoScale;
dx2 = abs(Xdislindex{i]}-XdistfCnrk-2j]%;
dy2 = abs(Ydlst{index{il}-Ydis{Cnrik-2]])* VideoScale;
dxa = abs(Xdist[IndexT}->dist{Crirk-3]D:
dy3 = abs(Ydist[Index[[]]-Ydist{Cnr[k-3]])* VideoScale;
i (dx1>LImX|[dyf>LImY) &8 (dx2>LimX|jdy2>LimY) 8& (d@>LimX || -
. dy3>LimY))

{ )
Cnrikl=indexfi);
Fatkr[ic=i;
Flag=1;
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1

break;

if(Flag==1) -
break;
} .

stéﬂ—;
}

TargstAngle( Cnir );

SetCursor(ACTIVITY,2);
printf(" h

B

N ,

TargetAngle(int Cni2[f)

USAGE _ _ _ _
calculate the rotation of the cube hole from the comieérs found

INPUTS
- {hé position of the comers

OUTPUTS
the rotation of the cube or hole wn the camera's x,y ooordinatas

*
TargetAnye(int Cnr2[)

int £, out, in, {p, CnrNo{8];
lang temp, PixNo[8];

float Ang1, Ang2;
int dx1, dy1, dx2, dy2; .

SetCursorACTIVITY,2);
printf("Calculating Target Orfentation");

for{i=0;l<=3;{+4) .
PixNoli] = Xdist[Cnr2([i]] + Ydist[Can[i]] » WIDTH;

for(i=0;i<d;i++)
CrrNo[}=Cnr2[f};

for{out=0;out<4-1;0ut++)
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for(n=out+1;in<4;in++)
'- if(P!xNo[out] > FixNo[ln] )

p-GnrNo[inj,
CnrNa[in]—CnrNo[uuﬂ,
-CarNolout]=tp;
temp=PlxNofin];
PhxNoflnj=PixNofout];
- PixNojoutl=temp;

_ }
CsHalX[Tj=Xdist{CarNo[0]}:
CsHaitX[2i=XdIstfCniNo[1]];

" CsHaliX[3]=Xdist{CnriNa[2]]:
CsHairX{4]=Xdist{CnriNo[2]};
CsHalrY[1)=Ydist{CnrNo[o));
CsHairyT2]=Ydist{CnrNo[1]l;
CsHalry[3]=Ydisi[CnrNo[2]);
CsHalfY[4]=Ydist[CriNofa]); -

- GrossHair(4,White);

- dx1 = Xdisi{GnrNol0}]} - XdistiCnrNo[2]];

dyi = ( YdistiCnriNof2]] - YdIst{CnrNe[0]] ) * VideoScala;

Ang1 = atan{ (float)dx/(fioat)dy1 Y *R_TO_D ;

dx2 = Xdist[CnriNo{1]] - Xdist{CnrNo[3]];

dy2 = { YdistiCniNof3]} - Ydist{CnrNo[1]} ) * VidsoScale;
- Ang2 = atan( (ﬂoat}de!(ﬂoat)dyZ) R_TO_D;

Ofisetangle = (int)cell( (An'g1 +Ang2)/2);

SetCurser(ACTIVITY,2);

printf(" o ");
atcursor(Ac:TIVITY 2);

printf("Showing Corers and Centraid Found"),

Sleep(t000);

‘iatGursor(AcTWITY 2
it ﬁf{' ",

}
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USAGE
5
1and§

INPUTS
QUTPUTS

Wi
vold FreeMem(void}
{
" free(index);
}

’(D

USAGE -
s

{1and 5
INPUTS

QUTPUTS

-
int PrintEdgas(char Direction)
Int count;

if(Direction=="h || Direction=="H)
I

- for(count=0;count<CntrHor,count+=2)

{

CsHairxXcount+1]=LeftX[count];

CsHairY[count+1{=Y[count];
SrossHair(count,White);

} .
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for(count=0;count<CntrHor;count+=2) -

{
CsHainXjeount+1)=RightX[count];
CsHalrYjcount+1}=YJcount);
CrossHair{count, White),
y o

}

_ ff(oirectlon=='v' If Direction=="v")
' fur{oount-n coum<Cntr\!ercount+ =2}
A
CsHalrXfcount+1]=X[count];
CsH&u’Y{muntﬂ]-—Tan[ooum],
CrossHalr{count,White);

}
for(ccunt=u;count<0nlr\fer;count+'=2)

{ .
CsHafrX[count+1]=X[count];
CsHalry[count+1]=BtmY{count];
" CrossHair{count, Whie);
}
}
}
ClearScioen()
{ .
#* clear sgresn */
- regs.x.ax=3; |
int6&(VIDEO_INT, &regs, &regs);
} _
"
Main Program
USAGE
Main program entry point,
INPUTS _QUTPUTS
" None None
void TurOnCamera(vold)
{ :

Ciearscreeno;



/*Cheok for the driver's signatura string, If failed , tenminate program *
~if (WVBIntrNum = FindVbistdrv(DRIVER_SIG)) -

I* initialise driver *f
regs.x.bx = VB_INITIALIZE;
- if ((Calivhistdrv{fregs, &segregs))
DisableDriver(;

- DisplayStadupScreen() ;
SetupVideoWindow?;
AllocateMemory(} ;
CameraFlag=1;

}

else

{
Errors(g);
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CONSTS.C

~ .
these are the robots constants :
" Teal = tool tength :
"~ ag] =  the robot's link lengths .
d[e}] = the robot's base height and tcol length

ghbe.. = the constants befora the x*4 etc terms of the polynumial :
’ decribing the pixelfmm wrt distance of the camera

ax.., for the horlzontal axis '

ay... far the vertical axis

the Joint limlts In degrees

the distance from the intersection of the camera ol
_ {o the tool grippers

Beta = the angle the camera centre line makes with the tool

S canfre line _ u

ZercPosis] = the current zero position _
HomePos[8] = the current home position o
Alphal6] = the robot's twist angies |

Limit]g]
intersect

ZE0  Q-0—0-0 ' home
{ } :
] M
|

St —a—o—0o

*

robot initialization values®/
#define TOOL 280 :
#define OBJDEPTH 42

robot definad values‘f . . _

int AxisSwitch[8l={ 0 ,-%,1,+1,-1,~1 } Mo get the right rotations*/
int Pulses{8]={0, 850, 860 , 8?0 533 352 %

nt Tool = TOOL,

inta[] ={0,0,6350,350,0,0}

intdig] ={0, 775 0,0,0, TOOL}

float Jutk.mi[7] = {0, 100 110 110, 110, 270, -180); Hlast two vajues are
float Zero[8] ={0,0,0,0,0,0); . fifor the sensor boundries -
float Home[8] ={0,0 ,_-_90.0.-90 180} :

int Alphai6] = {0 ,-80,0,0,-80,0}

Frobot joint angles and tool position and ordentation®/
fiat AbsAng[B];, /Q(1,2,3.4.5)

float AbsPos[3], /(X.Y.2)

float Yaw, Pitch, Roll;

char HimitFiag;
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Ioutput initialization valuss*/

int ABSANG =185;

It ABSPOS = 16'
It ORIENT = 17,
int RESULTS1 = 18;
int RESULTS2= - 18
Int RESULTSS = 20;

int ACTIVITY = 22;
it CHOICE =23;

Fcamera initlalization values*

int CameraFlag=0;

float ax=1,70443e-9, bx=-2.218858-8, cy=0, 00112057 dx—O L7721, ex=34.2303;
ﬂoat ay=2, 05835&-10 by=-3.84075e-7, ty=0.00023185, dy——-o 088" =875 ey=0.57068;

float OffsetX, OffsetY, orfsetAngle,
int ObJWd, OhjHt,;

it OhjDapth=0BJDEPTH;

Int FzeFlag=1;

ffuser variables
char choles[6);

Mnputhandier chaices™

Int ESCAPE = oxiB; .

MFREEZE = 1 Mreezes vidao image™

it TARGET = 2 Minds centroid, onrs & otientation®/
MEDGES = 3 Pmarks the edges of the target™/
ItVIDEO. = 4 Mogglss video on 7 of/

Int CENTROID = & #finds the cenlmld_bnl_y

fcamera and witrasound mouritirg o rbbot detalls
X0, Yo, Zo are the camera displacements from the ool centre
Beta |s the camera rotation of the camera about the tooi r;ormal v:aclor‘f

fioat Ma=81, Mb=165, Mc=143, Md=00, Me=32;
float IntersectHelght=306+0BJDEPTH;
float Zus = -70;

float Yo=100.,0, X0=0.0, Z0=-58.00;
float Beta=19,00, Slogma=180;

fultrasound giobal variables®/
flpat Dist:
int CsHalrX[30), CsHalrY]30);

Moamera calibration values
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distance

polynomial fit

e et

_ pbd/mm :
camerax axis : carerd

179 288 M 8.6 - 3,088

146 350 107 11.67 4.567

200 250 75 8333 25

215 237 74 79 2.487

230 - 230 68 1.67 2.267

245 216 63 7.2 2.1

260 202 63 6,73 21

275 180 80 8.4 . 20

290 193 50 6.433 1.967

'300 177 55 59 - 1833

140 356 108 -11.867 3.8

120 -417 1289 13.9 4.3 '

114 418 125 13.93 4,167

350 147 48 4.9 16
. 325 154 52 51433 1%

370 140 44 4.67 1.487

402 128 41 4267 - 1,367

414 - 125 4 41867 1.387

xaxis : PIXNM = ax"DA + bXDA3 + cx"DA2 + XD + ex
vaxis 1 pbdmm = ay'D + by*DA3 + oy*DA2 4+ dy*D + ey

x axis

- ax=1,704435-9
bx=-2.21865e-6
“ex=0.00112057
e=-0.277211
Bx=34.2303

-i)t .

y axis
ay=2,088850-10
by=-3.64075e-7
cy=0.00023185
dy=-0,0881675
ey=8,5706/

_yaxis
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HTMS.C

Wmmm
"USAGE '
this flle conta[ns all the HTMs namely :
CtoT camera ta tool
ToB tool to basa _
- YPR the tool to base rotation maetrix using

the yaw, pitqh and roll of the tocl as the input

#lnclude <math,h> .
#nclude :..\maslers\pmj\ext vars.l h"

#define R_TO_D . 57.29578
vold TtoBJ),

vaid CtoT{);
void YPR(float Yaw, fioat Bitch, float Roll);

fﬁmﬁﬂﬂ*ﬂ*ﬂ*ﬂ*

USAGE .
INPUTS  outpuTs
W’f B
void CloTQ
{ : :
float 01,02,03,023,0234,05,Ch;
fioat Cb Sb
float T‘l’l T12 T43, T14, T21, T22, T23 T24:

float T31, T32, T33, T34, T41, T42, T43, Td4;
extern fluat Beta, Xo.Yo.Zo; '

Chb= cos{Beta/R_TO_LY:
Sb= ‘sin(Beta/R_TO_D);

Tii=1; T12=0; T13=0; Ti4 = Xo;
T21=0; T22 = Cb; T23 =-8b; T24 = Yo,
T3i=0 T32 =8h; T33=Ch; T34 = Zo;
T41=0; . T42E0 T43=0; T44=1;

* Xtool = T4 1*Xcam + T12*Yoam + T13*Zcam + Xo;
Ytool = T24*Xeam + T22*Ycam + T23*Zcam + Yo,



Ztdol = Dist - 50 - Jfcan also use above HTM but using US
{idirectly will give better resuits

INPUTS S _ QUTPUTS

W-" )
vold Tios(

{. .

float ¢1,02,03,023,0234,05; .

float s1,52,83,523,5234,55;

float R11, R‘EZ R13, R14 R241, R22, R23, R24;
float R31, R82, R33, R34, R41, R42, 43, R44;

(1 = costAbsAng[1]/ R_TC_D);

c5 = cos{AbsAng[5] / R_TO_D}):

023 . = cos{{AbsAng{2]+AbsAng[3])/R_TO_D);

c234 = cos({AbsAngi2]+AbsAng]3l+AbsANgIUIVR_TO. D)
s1 = sinfAbsAng[1}/ R_TO_D);

sh = sin{AbsAng[s] / R_TO_D);

523 = sin({AbsAngi2]+AbsAnglB)VR_TCLD); -
5234 = sin({AbsAng[2]+AbsAng[3}+Ab=Angl4]y/R_TO_D);

R11=c1*234*c5+81*s5; R12=-01%c234%s5+51%c5; R13=-01*234;
Rid=c1 *(a[2]*c2+a[3]*023 d5]'s234); '

R21-s1"0234*05-r:1"55 R22—-s1*0234*35-c1"c5‘ : R23=-g1*5234;
. Rzéd=gi™(a[2]*c2+al3]"c23-d[5]"s234);

R31--s234*05 R32=5234"s5; RA33=-0234;

R34=d[1]-a8[2}*s2-8[3}*s23- d[51*0234

Ra1=0); R42=0; R43=0:

R44=1: : '

Xbase=R11*Xtool + R12*Ytool + R13*Ztool; /*+ R14*1;¥
Ybasa=R21*Xtool + R22*Ytool + R23*Ztool; /*+ R24*1;%
ZbasesRa1*Xtool + R32*Ytool + R33*Ztack; /* + R34™1;"

}

Wm
- vold YPR(float Yaw, float Pitch, float Roll}
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USAGE )
calulates the tool rotation matrix from the oﬁentatlon of tha tool
in youy, pltch and roll angles

INPUTS S QUTPUTS

the tool yaw, pitch and roll anglas the rotatlonal matrix
Mmm[ )

vold YPR{float Yaw, fioat Pitch, float Roli)
fioat Cy,Cp,Cr,8y,Sp,Sr, RotYPR[4]i4];

Cy=cos(Yaw/R_TO_D); Cp=cos(Piich/R_TO_D);  Cr=cos(Rol/R_TO_D);
Sy=sin(Yaw/R_TO_D); Sp=sin{Pitch/R_TQ _D); Sr=sin(Ro/R_TO_D); _

ROtYPRIJHIECPCr; ROtYPRAJIZI=Sy*Sp*Cr - Cy*Sr; RotYPRI{JI81=Cy"Sp*Cr + Sy*Sr; -

. RofYPRE[[]=Cp*Sr; RotYPRIZ2]=Sy*Sp*Sr+ Cy*Cr; RotYPRIZIS]=Cy*Sp*St - Sy*Cr:
* ROtYPRE3|[1}=-8p; . Rot(PRI3J2=Sy"Cp; RotYPRI3][3}=Cy*Cp;

}
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INIT_RBT.C

#include“c:\mastars\praj\ext_vérs.h_“
# #include”c\masters\projfnproto.h"

Hunction prototypes*/
Init_Robot();

Init_Robot()
{
int AxisNo, i;

BetCursor(ACTIVITY, 2):
printf{"inifalizing Robot and AteD Board");

'Brakesinit();
for{ AxlsNo=1;AxisNo<=3;AxisNo++)

{

SiwResel{AxisNe);
Sbpa(AxisNo,0x7FFF);
Rsti{AxisNo,0x10); _
Liil{AxisNo,15,1,10,1000,0x080F);
Udf{axisNo);

}

StartUp(;
}

StarilUp()
{

Mchange to the worklng directory™/
. _chdir"c:\\mastars\proj");

SetCursor{CHOICE,2);

printf(*Read joint angles from fila 73;

choice[0}=getcha();

ifichoicef0]=="y' || chuicef0]=="Y"
Read();

If(chuice[OI==-='h' [} choicefoj=="H)

AbsAng[1] Home[1]; AbsAng[2] = Home[2]; AbsAng|a] = Homel3l;

AbsAngl4] = Home[4),AbsAng(5] = Home[5);
AbsPos[0] = 0; AbsPos[1]=0; AbsPos[2]=1775;
}
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lf(cholce[ﬂ][=‘h' 84 cholca[0]I="H’ 8& chmca[ﬂ]l“’y‘ 7. cholae[01l='Y'J

o q
© SetCursor(RESULTS1,2);
printf("enter Joint angles <q1,42,q3, q4.q5- A
scanf(“%f %f %f %f i, AbsAng[1], AbsAng[Z] AbsAng[3],AhsAng[4] AbsAnngD
}

InltANBoard{);
U!traSndSensoro

H(Dist<5)
Errors(s);
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'INV_KIN.C -

“

#include <mattih> =
#include "c:\masters\praj\ext_vars.h"
#include"c:\masters\pro/\nproto.h®

' Pfunction prototyps®/
Envelope(float Pas[], float Q)

int WorkEnvelope;

~ InvKinematics(float Pos[], float Rot[4](4], Int Filter)

USAGE .
* caloufatss the joint angles in order to place the tool at the -
position and orientation specified as an hput

INPUTS _ o _ .
the required tool position and crientatlon and if any axis arg to
be ignored

- QUTPUTS

the necessary joint angles

Wf

InvKinematics{float Pos(l, float Rot[4](4], int Filter)

{

float Q[6}, Diff[6], Q234;

float Bee, b, b2;

unsigned long denf;

flaat num1, num2, den;

fet , [, Motion, EnFlag=FALSE, J3above00=FALSE, TrkFlag;

Q)= aian2( Pos2] , Pos{1} };
. Q234 = atan2(-( cos(@U1FROTIIB1+sIn(Q[1])*Rot[2][3] ),-Rof3][3] 3

b1 = cos{Q1]*Pos[1] + sin{[1]y*Fos{2] + d[&}*'sin{Q234);
h2 = df1] - af4]*sin{Q1234) - d[5]"cos(Q1234) - Pos[3};

Bee = pow(b1,2) + pow(h2,2) ;

num1 = Bee - pow(af2],2) - pow(af3),2) ;

den = 2 * (unsigned long}al2] * (unsigned iong)afs];

If{ fabs(num/dent)<=1)
Q[3}] = acos { numd /dent ) ;
if( fabs(numi/den1)>=1)

" 'SPECIFIC CASE — TOOL ALWAYS POINTS TOWARDS GROUND => q234=0 -
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numi=numi-deni;
Q[3] = acos { num1 J‘dem }:
Jaabuvasﬂ-—TRUE

}

num2 = ( (ﬂoat)a[z'; + (float)a[3]*cos(QI3]) ) * b2 - (fleat)al3]*sInQ[3])*b1 ;
den2 = { (floata{2] + (Roata[3]*cos(QI3]) ) * bt + ald]*sin(Q[3]*b2 ;
Qf2] = atan2 (num2 , den2 ) ; _

QI5}=atan2(sin(QUT*Rot{1)[1] - cos(Q[4 )Rotizift],
~ sin(QJ)"Rot[1)i2] - cos(QU1*Ret{2][2] );

IFEFlag==FALSE)

{
if(J3aboved0==TRUE)
Q[3]=(180/R_TO_D) - -~ Q3]

| QUI=0234-Q[2-QI8)

for(i=1;i<=6:i++)
DIff{i=QLI*R_TO_D-AbsAngfif;

Fno point in Q5 moving more than +-180 degrees/

if(DIfF5}>180)
Dif¥[5]=380-Diff[5];

|f(DiﬁIS]<-180}
Diff{5]=360+DIf(5};

*

SetCursor(RESULTS1,2);

printf(‘after q1=%.3f q2=%.3f q3=%.3f q4=%.3f q5~%.51",
QMI*R_TO_D,Q[2]'R_TO_D,Q[3]*R_TO_D,Q[4I"R_TO_D,Q5]"R_TO_D);

SetCursor{(RESULTS2,2);

printf("DIffs q1=%.3f §2=%.3f 3=%.3f g4=%.3f q5=%.3F",
Diff[1],Diff{2], Diff[3}.Diff[41.lef[5]).

getche); :

*

if(FiIter‘-=ZER04) . Ifie don't move axis 4
{ ' : :

TrkFlag=NOTRKS;
AbsAng[4j+=Difffd]; Difff4}=0:

_ if{Filter==TRK4} Hle- move axis 4
TrkFlag=TRK4;

Envelope(Pos,Q);
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f{\WorkEnvelope==TRUE)

MoveRobot(Diff, Tridlag); .
else .
Errors{9);

fhmmﬂ*ﬁﬁ

-Envelope(int Position)

USAGE
. determines whether the requested position of the tool tip Is within the
- robot's outer envelope or within the robots inner envelope

INPUTS
the reguired tool pos‘ltion

OUTPUTS :
if the position is aliowable or not

. mmmmmmi*f .
Envelope(fieat Posl]. float Q[

flost u1,u2, pt,p2,p3; .
float c234 5234 tester tested, dummy1 dummyz’.
fnt OuterEnvelopa, InnerEnveiops;

0284 = cos(Q21+Q{3]+Q[4]);
$234 = sin{Q[2]+Q3}+-Ql4]);

U1 = a4]"c234 - d[5]rs234;
u2 = d[1] - [4]*s234 - d[5]"c224;

outer envelope™/

ftest limit on p1

tester = gf2]+al3]+uf;

tested = fabs(Pos{1]);

Iftested<=testen
OulerEnveIopa—TRUE

else
QuterEnvelope=FALSE;

Htest limit on p2
if(OuterEnvelope—=TRUE)

{
tester = pow((al2J+af3}u1),2) - pow(Pos{1],2);



tested = fabs(pow(Pos[zl,z)):
iftested<=tes* )
OulerEnvawpe—TRUE
Celse
OuterEnvelope-FALSE.
}

fhtest fimit on p3
if(QuterEnveiope==TRUE)

{ - . - :

dummy1 = sqri{ pow(Pas[1],2) + pow(Pos[2],2} ) - u1; |

duramy2 = pew( (a[2]+a[3]),2 )i

tester = dummy?2 - dumimyt;

tasted = fabs{pow(({Pos[3]-u2),2)};

if(tested<=testar)
QuterEnvelope=TRUE;

olse

~ QuterEnvelope=FALSE,

} -

lner work envelope not yet developed*!
InnerEnvanpe“TRUE

if{OuterEnvelope==TRUE && InnerEnvelope=s=TRUE) -
WorkEnvelope=TRUE;

alss '
WorkEnvelope=FALSE;

ToolPos(float DumbAnglp

USAGE
caloulates the tool position

INPUTS
& joint angles

OUTPUTS
the tool pasition in robot base coardinates

Wikt Wi |

TaolPos(ﬂoat DumbAngll)

{ :

fioat 01,62,0%,05,c23,c234;

float 51,52,83,85,523,5234,num;

int i

float R11, R12, R13, R14, R21, R2Z, R23, R24;



 float R31, R32, R33, R34, R41, R42, R43, Rad;

c1 =cos(DumbAng{T/R_TO_D) _
02 = cos{ DumbAngi2YR_TO_D) :

3 =cos( DumbAng[3J/R_TO_D) :
_ c5 = cos{ DumbAng[S/R_TC._D) ' ;
623 = cos( (DumbAng[2l+DumbAng[3)/R_ TO_D) :

0234 = cos( (DumhAnQ[2]+DumbAng[3]+DumbAng[4])!R_TO D)
s1 = sin{ DumbAna[1}/R_TO_D) :
s2 = sin{ DumbAngl2/R_TO_D) v
83 = sin{ DumbAng[3l/R_TO_D) ' s
s5 = sin{ DumbAng[S}R_TO_D) ;

= sin{ (DumbAng[2+DumbAng[S[¥R_TO_D)

5234 sin( (DumbAngf2}+DumbAng[3j+DumbAngf4/R_TO D)

R1. 1=c1*c234*cS5+s1*s5; R12=-01*6234"s5+51"e5; R1 3=-c1 *s234,
Rid=ci*(a[2]*c2+a[3]"028-d[5]"s234); '

R21=51"¢234*c5-c1"s5; R22=-51"c234*35-01"C5; R23=-51*5234;

R24=st*(af2]'c2+a3]"c23-d5]s234); . -
- Rat=.5234*c5; R32=5234"s5; R33=-c234;
R34=d[1]-a2)*s2-al3]*s23-d[5}*c234;.
- R41=0; Ré2=0; R43=0;
R44=1;

AbsPos[0l=R14;
AbsPos[1]=R24;
AbsPos{2)=R34;

Hfealculate the roll, yaw and pitch angles

Roll = atan2{R12R11);

Yaw = atan2(R23,R33);

Pitch = atan2(-R13,R11*cos(Rol) + R1 2sin(Roll):
Rol*=R_TQ_P; Yaw*=R_T0O_D; Pitch*=R_TO_D;

}

L



LM CMND.C

M Im_emmd.c the robct control file writter in C */

#include "c:\masters\projiext_vars.h"
#includec\masters\proj\faproto, h"
#include <sidio.h>
#include <math.h>

~ #include <stdllob>
#include <time.h>
#include <conlo.h>

#idefine Brake 641
#define 1O_Card 0210
#defineBUSY O
#dsfine IDLE 1 :
iidefina DUMMY v}

fong felk = ~N00000;

long res=200.

long Signai_Register, Index_Pos1, Index_Posz, Dpos1, :
- Dpos2, Dvall, Dvelz Rvel, Sum,

long Rpos1, Rpos2, Data,_Word; :

Ini Hi_Byle, Lo_Bvle, SelactMaskHi, BrakeMask;

unsigned char AxisNo;

- Int Accel, Speed, Status_Array{a], Chip;

long DesPosZ

. LimitCheck({float Angs[l)
USAGE

" checks that the a foint will fimt will not be exceedsd by parforming

the required move

INPUTS
the qurrent and requlred Jotnt angles

QUTPUTS
whether a joint will bs exceeded and which ane

LimitCheck(float Angs[)

{
Int i; _
extern float JntLmi[7];



extem char LimitFlag;
float Limlt[6];

Limit[1}=JntLmtf1]-Home[1];

LimK{2j=JntLmi[2]-Home[2];
Limitf3j=JntLmt{3+-AbsAng(2)-Home{2]-Homel3};
Limiti4i=JntLmt[4]+AbsAng[2]+AbsAng[3j-Home[2}-Home[3]-Home[4];

fér(I=1 Je=diit+)
{ _
i fabs(AbsAng[il+Angs[i)) >= Limitfi} )}

{ Errovs(i+); LimitFlag=TRUE; break: }

if( fabs(AbsAnQ[S]i-Angs[S]) »= JotLmt[5])
{ Errors(5+9); LimitFlag=TRUE; 3

if{ fabs{AbsAng[5]+Angs{5]) <= JatLmti6] ).
{ En_nrs(54_-9): © LimitFlag=TRUE; '}

}

‘MoveRobot(fioat Angles(], int TrkAxis4)

USAGE :

Loads parameters to the chip to move and then to check position and stop.
Also keeps track of the robots tool positien and Joint angles,

ToolOrient Is a flag telling MoveRabot whether to let the tool

remain in tha curent orlertation or move as Axis 2 & 3 move,

INPUTS.
~ the angle each joint must move and whether jolnt 4 should move or not

OUTFUTS - _
the encoder puises which are passed on to LigPLS(

Stk ook [

MoveRahot(fioat Anglesf], int TrkAxis4)

{

jong Degs{6];

float factor=1.02;
extern char LimltFlag;

‘M“check to see if any angle's Iimit will be exceeded™/
LimitCheck({Angles);

if{LimitFlag==FALSE)
{
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update record of all jolnt angles¥/ . -
for{AxisNo=1;AxisNo<=5;AxiSNo++}
AbsAng[AxisMNo] += Angles[AxIsNo};

- et filter parameters acconding to the motian of each exis*
_ InitMove{Angles);

Fmake axis 4 dhangé yaw, p!lch and roll as 3 or 2 rotate®
if{TrkAxis4==TRK4)
: Anglas[4]=Angla5[21+Angles[3]+Angies[4].

for{AxdsNo=1;AxisNo<=5;AxisNo++)
Degs[AxisNo] = dong)( AnglesfAxisNo] * (ﬂoat)AnsSwrlch[Ameo]*
(foat}Puises[AxisNa] );

{*pass the number of degrees the Jaints must move to Li(*/
for(AxisNo=1;AxisNo<=5;AxisMo++)
{
iFDegsIAxisNo]i=0)
{ LoadPmisPLS{AXIsNo, Degs[AxlsNo]), S!eep(ﬂ) }
}

~ Sleep(800);
“Newstop(Angles);

Pupdate position of tool*
Update(); -

}
y
InitMove(float Anglefl)

USAGE .
Ioads the PID filter coefflcients, the velocity and acceleration
for sach joint

INPUTS
the angle each joint must move

OUTPUTS
none

dricirkdirieArini ik t,(
initMove(float Angle[D

{
int P,1LD, AxisNo; .
unsigned nt PosEn=4000; /*about 5 degrees®/
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for{AxisNo=1 AxisNo<=5;AxisNo++)
{
if(Angle[AxisNo]i=0)

SfwResef(AxisNo);
Shpa{AxdsNoe, 0x7FFF);
Reti(AxisNo,0x10);
Lpsi(AxisNo,PosErm);
Dih{AxisNo);

if{AxisNo==1)
-{ Accel=10; P=500; I=1{}00' D=1500; Speed=250; }
f(AxisNo==4)
{ Accel=10; P-5001'1000 D=1500; Spaed“450 }
if(AxisNo==2 || AxisNo==3 )
{

|f(Angle[AX|sNu]<0 )

{ Accel=200; P=500; i=1000; D=1500; Spead=450; }
if(Angia[AxisNo]>0 )
- Accel=10; P=500; I=1000; D=1500; Speed=450; }

}
if( AxisNo==5 ) .
{ Accel=200; P=500; [=100; D"1500 Spead—aoo }

Lfil(AxisNo,P,1,D,1000,0x080F);
Udf{AxisNo);
}

}
}

LoadPmmsPLS(Int AxisNo, Iong Degrees)

USAGE :
loads the speed, angle and axisno to move onio the LMBZB chip

INPUTS
the Joint number and the number of degress it r_'nus[ rotare

QUTPUTS
nene

FC—
| LoadPrmsPLS(int AxisNo, long Degrees)

' 1{_nt Traj=0x03f; |

LifPLS( AxisNo , Degrees , Speed , Accel , Tryj );

Stt(AxisNa);
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Slaep(2);
ReleaseBrake({AxisNo);

SatCursor(ACTlVlTY 2);
printf("Loading Parameters for axisno %d * AxisNo)
SetCursor{ACTIVITY,2);

printf(* _ "
; o

!n»mm*m

NewStop(float Angsil)

USAGE
applys the brake and resets the chip when the motion Is complete

checks for motlon complete hy neticing when the encoder value |s no longer

changlng

INPUTS
the amount each foint must rotate

. QUTPUTS
none

ekl A et w ik Al t’(
Nawstop(ﬂoat Angsl)

long Pos1, Pos2, Diff;
int AxisNo; -

for{AxisNo=1:AxisNa<=5;AxdsNo+Ht)
{
if{Angs[AxisNo]1=0)
{

do
{
Rdstat(AxisNo); _
Rdrp{AxisNo);  Posi=Rpos2;
Sleep(t0);
Rdrp{AxisNo);  Pos2=Rpos2;
Diff=labs(Pos1-Pos2);
SetCursor(RE"-iULTS1 2;
pﬂntf("Muvlng axlsno %d Into posilnon".A:dsNa)
while(lebo)
ApplyBrake(AxIsNo), Sleep(5);
SfwReset(AxisNo);
} .
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far(AxisNo=1AxIsNa<=5;AxIsNo++)

{ - .
ApplyBrake(AxisNo),  Sleep(s);
BfwReset(AxisNo); - T
} .

ftmmrmm&

Sleep{int waif)

. USAGE = .
Pausas for a specified number of millissconds

INPUTS : ~ OUTPUTS

the number of milliseconds ' " none-
W_ I‘!

Slesp{int wait)

p

clock_t goal;

goal = (clock_Hwalk + clock() ;
- while{ goal > clack{) );

}

” Sk
Birary(int number)

USAGE _
converts a8 BYTE into am array of binaty. LSB is first,

CINPUTS QUTPUTS

the desimal number the binary number
.*mmm w’f-
Binary(int number)

int j;

int Patternfa];

unsighed Int mask;

rask=0x80;
for(=0;j<=7:j++}

Status_Arry[7-]]=(mask & number) ? 1 : 0;
mask>>=1;
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"}

if(Status_ Array{0]==0)
‘Chip = BUSY:"
else .
Chip = IDLE;
} ' _
’u srdeiieskefrinl- ko ik
RdStat{int AxIsNo}

USAGE

updates an aray corresponding to the 8-bits of the status byte.

The first entry of the array corresponds to the LEB.

Bit Number Function

7 Motor off _
.6 Breakpoint reached (Intermupt)
5  Excessive position eror {Interrupt)
4 Wraparound ocourred {Intérmuept)
3 Index pulse observad (h terrupt)
"2 Trajectory complete (Interrupt)
1 Command error {Interrupt)
0 Busy bit
INPUTS . OUTPUTS
the joint number the joints status

velrhdevririciririchricicink ﬂ’

" RdStat(int AxisNo)

int Status=0;

outp(I0_Card+3,0x90); . _ FASInput;B,C=Output!

switch (AxisNo)

¢ .
case 1; SelectMaskHi=0x03: break;  /*0000,0011%
case 2: SelectMaskH=0x05; break:;  /0000,0101%
case 3: SelectiaskHi=0x09; break; F0000,1001%
case 4: SelactMaskiHi=0x11; break; - MD001,0001Y
case 5: SelsctMaskHi=0x21; break; F0010,0001%

case 8; SeleciMaskiHi=0x41; vreak;  /0100,0001%
}

outp({lO_Card+1,0x81}); Sleap(D);
outp(lO_Card+2,0x80); Sleap(0);
outp(O_Card+1,SelectMaskHi); Sleep(0);
outp(lO,_Card+2,0x00); =~ Sleep{0):

56



Status=inp(tC_Card+0); Sleep(D);
outp(iC_Card+2,0x80); © Sleep(0); -
outp(Io_Card+1,0x81); Sleep(0);

Binary(Status);

* " . READAWRITE COMMANDS
. " /

” PR

Read_Data(int AxisNo)

USAGE .
reads a 16-bit data word frors1 the LM828,

The deta word is converied to an array of binary format. The first
entry of the array corresponds io the LSB,

INPUTS _
the [oint number

CUTPUTS

*f-
* Read_Data(int AxisNo)
{

o
do _
RdsStat{AxisNa);
while(Chip=BUSYY);
*f )

switch (AxisNo)
{

case 1: SelectMaskHi=0x83; break; A1000,0011%
ocase 2. SelactMaskHI=0x85; break; /*1000,0101%
pase 3: SelectMaskHi=0x89: break; ™G0O0,1001Y
- case 4; SelectiaskHi=0x91; break; /~1001,0001*
case 5: SelectaskHi=0xA1; break; M010,00071%
‘case 6: SelectMaskHi=0xC1; break; /#1100,0001%
} .

outp(l0_Card+3,0x80); Slesp(0):
outp(lO_Card+1,0x01); Sleep(0);



o}

outp(fO_Card+2,0x80); Sleep();
outp(fO_Card+1, SelectMaskHl);  Sleep(0);

- outp{]O_Cand+2,0x00); . Sleep(0);

. Al_Byte=inp(lO_Card+0). - Sleep();
outp(I0_Card+2,0x80]; Sleep(0); :
outp(lO_Card+1,0x01); Sleep(l);
outp(iQ_Card+1,SelectMaskHD; Sleap(0);
oultp{iC_Card+2,0x00); _ Sleep(D);
‘Lo_Byte=inp(1Q_Card+0); Sleep(0):
outp{lO_Card+2,0x80); Sleep{0); :
outp(lC_Card+1,0x01); Slesp(0):

Data_Word = (long)Hi_Byta * 256 + {long)Lo_Byte;

F&“ﬂhﬁm&m

Write_Commiand({int AxisNo, unsigned t.harCommand}

USAGE
writes an &bt command to the LMi&28,

INPUTS

-

do

‘the Joini nurnber and the command none

e e wf

Wrtte;_Command(Im AxisNo, unsigned char Command}

{ .
if (AxisNol=5)
{ .
Rdstat{AxisNo);
} .

}
while(Chip=BUSY);

{

case 1:
case 2:
case 3
case 4;
casg 5t
case 6:

}

outp(1O_Card+8,0x80); Sleep(0);

switch (AxisNo)

SelactMaskHin0x03; break; !"0000,0011*!

-SelectMaskHir0x05; hreak; *0000,0101%

SeloctMaskHi=0x09; break; MO00NG, 1001
SelectMaskRi=0x11; break; M0001,0001%
SealectiaskHI=0x21; braak; /*0010,0001%/
SelociMaskHi=0x41: break; /0100,0001%

OUTPUTS:
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: outp(lo_Cardi-‘i JOxB1); .Sleap(U):

outp(I0_Card+2,0x80): Steep(0);
outp{lO_Card+1,SelectMaskHi); Sleap(0);
outp(IO_Card+1,(SeloctMaskHi & OXFE));  Sieep(Q);
outp(I0_Card+0,Commandy}; Sleap(0): -
owtp(IO_Card+1,SelectMaskHi); : Sleap();
outp{iC_Card+1,0x81); o Sleep(0):

}

,ﬁmﬂmxﬂ*ﬁ*ﬂ

Write_Drata{int AxisNo Jong Data_Word)

USAGE .

writes a 16-bit data word to the LM&28. The high byte is written first.
INPUTS _ CQUTPUTS

the joint number and the data word none

veiricdririticirinirkh vick *"! .

Write_Data(int AxisNofeng Data_Word}
unsigned Int hi, Io;

switch {AxisNo) -
{

case 1:

SetoctMaskH=0x83;

break; /+1000,0011*%

case 2: SelactMaskHi=0x85; break; /*1000,0101%

case 3: SelectMaskHi=0x89; break; /*1000,1001*/

case 4: - SelectMaskHi=0x91; break; /*1001,0001%

case 5: SelectMaskHi=0xAt; break;/1010,0001%

cass 6;: SelectMaskHi=0xC1; break; H1100,0001%
}
outp(l0_Card+3,0x80); Sleap(G):
outp(lO._Card+1,0x8%); Sleep(0);
-outp{lO_Card+2,0x8G;); Sleap{0);
hi=Data_Word>>8; :
pi=hi & OxDOIT; .
outp(lO_Card+0,hl); Sleep(0);
outp(1Q_Card+1 SelectMaskHI). Sieap(0};
outp{lO_Card+1,SelectMaskHi & OxFE); Sleap(0);
outp(iC_Card+1 ,SeieutMaskHl); Sleep(O);
outp(lO_Card+1,0x81); Sleep{0);
fo=Data_Woard & 0x00fT;
outp(O_Card+0,Jo); Slesp(0);
outp(O_Card+1,SelectMaskHi); Sleep(0);
outp{lO_Card+1,SelectMaskHI & OxFE); Sleep(0); -
outp{IO_Card+1,SelectMaskHi); - Sleep(d);
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outp(I0_Card+1,0x81); _ . Sleap(0);

. - BRAKE AND RELAY CARD COMMANDS
o ﬂmﬁﬁ*ﬁ

BrakesInlt)

USAGE

sets all the brakes to ON, (Default Value)BrakeMask Is used
to maintain some brakes ON or OFF whiie at the same time
switching other brakes or relays ON or OFF.

INPUTS . QUTPUTS
none none
iﬂmﬁ*ﬂ*‘( .

Brakesinit

. !

Int j;

outp(Brake,0);

BraicaMask=0;

Y

r* Frindiriririniriciicinicick
ApplyBrake(int Axszo)
USAGE

ums ON the brake comresponding to AxisNo
- axls no 7 corrasponds to opening/closing the gripper

INPUTS - QUTPUTS
the Joint number . none
L
 ApplyBrakeint AxisNa) -
switch (AxisNo)
{ N
case 0: BrakeMask=0; break;

case 1; BrakeMask=BrakeMask & OxFE; break;  /111,1110%
case 2: BrakeMask=BrakeMask & Oxdf; break; 411,101
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_case 3; BrakeMask=BrakeMask & Oxfly;  break;
case 4; BrakeMask=BrakeMask & 0xf7; break;
case 5. BrakeMask=BrakeMask & OxEF; break;

A1111,1011Y
M0
111011119

/* case8:  BrakeMask=BrakeMask & OxDF; break:® . /1301,1111%

case 7; BrakeMask=BrakeMask & 0xBF: break;

4011,1111%

case 8: BrakeMask=BrakeMask & Ox7F; break;  /0111,1111%
y . .
oﬁtp(Brake,BrakeMask); :
¥}
' FW
ReleaseBrake(int Axi=No}
. USA = o o
tumns L the brake corresponding to AxisNo
axis no 7 comesponds to opening/closing the gripper
INPUTS QUTPUTS
the joint number none
:n_-mnmmﬁf
ReleaseBrake(int AxisNo)
{.
switch (AxisNo)
{ . _ _
case Du* BrakeMask=0xff: break; *
case 1: BrakeMa.xk=BrakeMask | 0x01; break; £+0000,0001%
case 2: BrakeMask=BrakeMask | 0x20; break; F0000,0010%
- case 3: BrakeMask=BrakeMask | 0x04; bigak 4"3000,0100%
case 4: BrakeMask=ErakeMask | Ox08; break; 0000,1000%
case 5: BrakeMask=BrakeMask | 0x10; break, F0001,0000%
I* case 6; BrakeMask=BrakeMask | 0x20; break;*. /*0010,0000%
casa 7: BrakeMask=BrakeMask | 0x40; break; #0100,0000%
case 8 BrakeMask=BrakeMask | Ox80; break; #*1000,0000%
.
putp{Brake,BrakeMagk);
rm
* HARDWARE RESET COMMAND



Hdw_Reset(int AxisNo)

USAGE :
resets LM628 chlp number (Axian)
INPUTS QUTPUTS

the Joint number none
sty |

Hdw_Reset(nt AxisNo)

mmww *"
!ﬁm*
Relp(int AxisNo)
USAGE

{
* unsigned char HdwResstMask;

outp(lo;card%s.DxBU);

switch (AxisNo)

{ _ . :
case 0: HdwResethiask= 0x00; broak; *0000,0000%
case 1; HdwResetMask= Ox7o; bresi: F0000,0004*
case 2: HdwResetMask= Ox7a; . breay, F+0000,0010%
case 3; HdwReseiMask= 0x76; break, 740000,0100%
case 4. HdwReselMask= Oxbe; breakr - /*0000,1000%
case 5: HdwResetMask= 0x5e; break; #*0001,0000%
case 6; HdwResetMask= Ox3e; break; £0010,0000%
} .
outp(I0_Card+2,0x7e); Sleep(0); -
outp{lO_Card+2, HdwResetMask);  Sleep(0);
outpIO_Card+2,0x7e);

RdSta(*);
b
w ' : DATA REPORTING COMMANDS

Is used to read the Index position recorded in the index

. register using Sip{)

INPUTS - - ou’rPUTs'

the _ioint number nene

W*j

Relip(int AxIsNa)



Write_Command(AxisNo,0x08);
Read_ Data(AxisNe);
Index_Pos1=Data_Word;
Read_Data(Axisho);
Index_Pos2=Data_Wond;

}

RddpQnt AxisNo)

. USAGE
reads the instantaneous desired position output of the profile generator.

INPUTS ' OUTPUTS

the jolnt number nona

iﬁﬂm*’f

Rddp(int AxlsNe)
R .

Write_Command{AxisMNo,0x08);
Read_Data(AxisNo);
Dpost=Data_Word;
Read_Data(AxisNoj;
Zpos2=Data_Word;
"}
o .

Rdrp({int AxsNo)

USAGE :
reads the current actual position of the motor,

CINPUTS . ~ OUTPUTS
the joint number none

ik deic i drinkcr *;
Rdrplint AxisNo)

Write_Command{AxisNo,0x0A);
Read_Data(AxisNo);

Rpos1=Data_Word; Sleep(0);
Read_Data(AxisNo);

Rpos2=Data_Word;
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;iﬂ*ﬂmﬁm

Rddv({int AxisNo)
USAGE _ _

. reads the integor and fractional partions of the instantaneous desired veloclty.
NPUTS . - OUTPUTS

the foint number none

. Witk *

Rddv(int AxisNo)
{ .

Wiite_Command(AxisNo,0x07);
Read_Data(AxisNo};
Dveli=Data_Word;
Read_Data{AxisMo);
Dvel2=Datd_Word;

H

Rdrv{int AxIsNo}

USAGE . :
reads the integer portion of the instantaneous actual velocity of the motor.

INPUTS } S QUTPUTS
the joint number none :

| Febebdeach etk e doiek *!

Rdrv{int AxIsNo)

Wrt_le_CUrnmand(AxisNo,tleB);
Read_Data(AxisNo);
Rvel=Dats_Word;

}

.N-
Rdsum(int Axisho)

USAGE : .
reads the value to which the integration sum has acoumulated.

INPUTS OUTPUTS
the Joint number none

Soirtrinriviobiiniick ki i’\‘
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- Rdsumjnt AxIsNo)
{ .

Write_Command{AxisNe,0x0d); -
- Read_Data{AxisNo};
Sum=Data_Word;

Rdsigs(int AkisNo)
USAGE

~ rteads the intemal signals registsy of the LMB28,

Bit Number  Function

15  Host intermupt
14 Accoleration loaded but not updated
13 UDF executed but filter pot yerl updated
12 Forward direction
11 Velocity mode
10 Ontarget
Turn off upon excessive pusﬂion efror
£-bit output mode
Wotor off
" Breakpoint reached (Intarrupt)
Excassive position errar {interrupt)
Wrapamund occurred {Inferrupt)
index |. 1s& acqulired (Interrupt)
Trajectary complete (Intarrunt)
-Gammand error {interrupt)
Acquire next index (SIP exectuted)

G WA DD LD

INPUTS  OUTRUTS
 the joint number nane

er’

Rdslgs{int AxJsNo).
{

Write_Command{AxisNo,0xtc);
Read_Data{AxisNo);
Signal_Register=Data_Word;

} .

[ Itk ik . ’ ’
* INITALISATION COMMANDS

ek dranirinindr ll
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* rivichd ik e

‘SiwResel{int AxisNo)

. USAGE _ T

has the same effect as the hzstwired RST input. The following data
items are set to zero : filter coefficients and thelr Input buffers,
trajectory parameters and their input buffers, and the motor control
otitput (80 Hex for 8-bit DAC). All inferrupt masks are cleared, axcept

for Bit & (SBPA/SBPR). The output port size is set to 8-bhs, and
the current, absolute position is deflned as homs.

CINFJTS :  QUTPUTS
the joint humber . none

Sedrirkdciriciciicioiricink *I
StwReset(nt AxisNo)
{ ' :

Write_Command{AxisNo,0x00);
}

¥ ik

Dit(int AxisNo)

USAGE _
detlares the current position as home or absoiute zero.

INPUTS _ . OUTPUTS
the joint number none

W *{
Dfh(int AxisNo)

{
Wiilte_Command{AxisNo 0x02);
} ' '

f* Frirririviniciniid-iolniriir i ok .
" INTERRUPT CONTROL COMMANDS
sriririedeirininyioi ok t! . ]

Sip(int /- tIsNo)

USAGE
Is used to recotd the position cormresponding to the occurrence of
- the next Index pulse. .

INPUTS - OUTPUTS
the Joint number none
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sirdeire it ek i l'!

" Sip(nt AxisNo)
{

Write_Command{AxisNo,0x03),
-} : -
Epei(int AxlsNo, unsigned int pei)

USAGE '
is used to foad a threshold for position error detectior

Excessive position emor will cause the correspond! arrupt to be set high,

INPUTS _ QUTPUTS
the joint value and the position error index none

Fedrdrirkddnioridcinorick t)\‘
Lpel(int AxIsNo, unsigriad int pai)
{ .

Write_Command{AxisNo,0x1b);
Write_Data(AxisNo,pei);
}

e Aeteiickinlnicicicicintt .
_ Lpei{int AxisNo, unsigned int pel)

USAGE ' '
Ioads a value of position error which will cause the mator to ba turned off
INF'IJTS © OUTPUTS
the joint value and the position errar index . none

¥l

Lpes(int AxisNo, unsigned int pes)
{ .

Wilts_Command{AxisNo,0x1a);
Wite_Data{AxIsNo,pes);
} 3

Shprunl AxisNo, long bpr)

USAGE '

is used 10 sef a bireakpoint In terms of relative posutiun .
The sum of the breakpoint value and the target position must
remain within the absolute position range of tha system.
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INPUTS

mmﬁm *f

- Shpr{int AxisNo, long bps)
int bpr1, bpiz;_

bpri=bpi>>18;
bpi=bpr<<186;
bpr2=bpr>»18;
Wiite_Command{AxisNo, 0x21),
Writa_Data{AxIsNo,bpr1); '
~ Writa_Data{AxisNo,bpr2);

}
Shpa(int AxisNo, iong bpe)

USAGE
" jsused to sel a breakpu!nt in ferms of absolute position.

INPUT™
the jeint value and the break point ' none

W' x
' Sbpa{int AxisNo, leng bpa)
int bpa1, bpac;

bpat=hpa=>16;
bpa=bpa<<18;
bpa2=bpa>>16;
Wirite_CGommand(AxisNo,0x20);
Write_Dataf{AxisNo,bpa1);
Write_Data{AxIsNo hpa2);

}

!W bR Ak doink

Mskifint AxisNo, unslgned int Mask)

USAGE
is used to disabla specifled interrupts to the host processor,

. L _ OUTPUTS
- the-joint value and the break point : ' nane . . -

CUTPUTS

Instead of using the hardwired interrupt signal, this program chacks

the slatus byte to determine intermupt conditions,

Bit Number Fnction
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Not used
- Nat used
Not used
Nat used
Not usad
Not used
Notused -
Not used
Not used
Breakpoint interrupt
“Position ervor Interrupt
Viraparound interrupt
Index puise interrupt
Trajectory comyplete intermupt
Gommand emar interrupt
Not used

. ) vk dmk ok milk sk
CANVEANONGO[TARN GRS

INPUTS _ QUTPUTS
th Joint humtber and mask none
mtmm* »f

Mskiint AxisNo, unsignad int Masky

{ .

Wiite_Command(AxisNo,0x1¢);
Write _Data{AxisNo,Mask);

}

i ikt

Rsli(int AxisNo, unsigned int Reset_Word)

USAGE
Is used to reset specified Interrupt fags,

INPUTS ' OUTPUTS

the jolnt number and reset word . none

mmmﬂit’

Rsti{int AxisNo, unsigned Int Reset_Word)
¢ g

Write_Command(AxisNo,0x1d);
- \Write_pata{AxisNo,Reset_Word);
} _ '

pwm

] FILTER CONTROL COMMANDS'

Aerirdeirkeiti i i defric *{



LAl(int AxisNo, Int kp, int i, Int kd, [nt I, int fit)

USAGE
ioads the specified filter parameters and filter cunlrol word, and
writes thiem to the LM828.

Bit Number  Function -

i8  Bit 7 of derivative sampling inferval
14 - 8it 8 of derivative sampling interval
13  Bit § of derlvative sampling interval
12 Bit 4 of derivative sampling interval
11 Bt 3 of dervative sampling interval
10  Bit 2 of derivative sampling interval

8  Bit1 of derivative sampling interval
8 Bit 0 of derivative sampling interval
7  Notused
6 Not used
5 ° Notused
4 Not used
3 Loading kp data
2  Lloading ki data
1 - Loading kd data
0  Loading 1l data
INPUTS
the joint number filter parameters and the fi ler control
QUTPUTS
nene

. .. _*!
Lfli{Int Axisio, int kp, int kI, int kd, int il, Int fify
{ ' ' .
int kpi, kp2, ki, ki2, kd1, kd2, 111, i2, fl1, fii2;

' V\frite_Cummand(MsNo.dxh);
Wﬁle_Data(AxIsNo_.ﬁ h;

RdStat{1):
Wirits_Data(Ax(sMo, kp);
" RdStat(1); .
Write_Data(AxisNo,ki);
RdStat(1);
Wiite_Data(Axdsio,kd);
Rdstai(1);
Wﬁie_pala(MsNu.ll),
Rdstat(1);
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}
R : .

Udf(int AxisNo)

USAGE
updates the filter paramaters which were Ioaded with
Lfil(int AxisNo, int kp. int d, intkd, int i, int i)

INPUTS - - OUTPUTS
. the joint number none '

i i ek ey L/
Udf(int AxIsNo)

Write_Command(AxisNo,0x04); -

} : :

» TRAJECTORY CONTROL COMMANDS *
kAt Aninieiriickonie *! .

il wmmmn ’

Stt(int AxisNo)

USAGE :
is used lu execute the lrajectow which was loaded with Ltl](int soec}

INFUTS ' OUTPUTS
the joint number none :

W “f
Stt(int AxisNo)

Write_Command(AxisNo,0x01);
y -

’ﬂ- *Miﬂm
Ltriint AxisNo, float position, int velncr %, int o eleration,
unsigned int traj)
USAGE
loacls the specified trajectory parameters and controi word, and
wiites them to the LM628,
Bit Number  Function

16  Not used
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Mot used -

14
13 Nof used
_12  Forward direction (Velumty mode only} .

11  Velocly mode

10  Stop smoothly
g  Stop abruptly
8 . Tum off motor
7 - Notused
6 Not used
5 Accelsration will be [caded
4  Acceleratlon data is relative
3 Velocity will be joaded
2 Velocity data is relative
1 Position wif! be [oaded
0 Position data is relative

. INPUTS
the joint number, velocity, acceleration, position and trajectory word
OUTPUTS .
none
. Seardridedeirinici ke w,(

Ltrj(int AxisNo, float posltion, inf véiocity. int accefseration, unsigned int traj)

unsigned int a1, a2, v1, vZ;
long pl,p2;

leng factor=65536;

double Root;

double Squars;

long a.- \, vel, pos;

float Felkz, Factor2, Res2;
float quot=0.0004086;

. Square=pow{guot,2);
Res2={floafiresM000;
Factor2={float)factor/1000;
Fetk2={float)follc1000000;

pos=(long)}{postijon*{float)res);
pi=pos>>18;

pi=p1 & OXDODORTT,

p2=pos & 0xDOOOFF;

ve!=(long)( vaIomty*Resz*zma‘Factow(ﬁD‘FclkZ) ¥
vi=val »> 18; .

visvi & oxﬂunﬂﬁﬁ.

v2=vel & DxODOOFEST;
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. accel=(leng)( acceleration*res*factor*Square );
al=accel>>18;
af=ai & 0x0000ftff;
=sccel & Ox0000fH;

Write_ Command{AxisNo, Oxif);
Write_Data{AxisNo traj);
Wirite_Data(AxisNo,at);
White_Data(AxisNo,a2);
White_Data(AxdsNo,vi);
W:ite_Data{AxisNo,v2);
Vifrite,_Data(AxisMo,p1);
‘Whrite_Data{AxisNo,p2);

LrjPLS(int AxisNo, long position, int velocily, Int acceleration,
unsigned Int traj_)

USAGE

inads the spacified irajectory parameters, control words, and writes

ther to the LMB28. HOWEVER it passes the position variables in pulses
- counts and NOT In revolutions, NB NB nb!

" Bit Number Function

15 Not used

14  Notused

13 Not used

12  Forward divection (Velocity mode only}

11 Vejooity mode 8

10 Stop smoothly 4

8  Stop abruptly 2

g Tum off motor T

7 Motused 8

8 Not used o 4

5 Acceleration will be loaded 2 or3

4 Accelerstion data Is relatlve 1 ——-cf—nm-

3 Velocitywill beloaded 8 or f

2 Velocity data is relative dor7

1 Position will be loadee 2 or 3

0 Position data is relatjve . 1 HOOha maybe this
INPUTS

the joint number, velocity, acceleration, positi ~ and trajectory word



| OUTPUTS
none

Wn a-‘p
 Polder version which works*/ _ _
LtrPLS(Int AxisNo. lang position, Int velocity, int acoaleration, unsigned Int traj)

' uhslgnad Intal, a2, vi, vz;
tong pi, p2;
Init trajx;

long factur=65538;

doubla Root;

double Square;

long accel, vel, pos;

float Folk2, Fasctar2, Res2;
float quot=0,00040985;

Square=pow(quot,2);

. Res2 = (floatyres/1001;
Fattor2 = {floaf)factor/1000;:
Falk2 = (float)felk/1000000;

pos = position; ANOTE THE DIFFERENGE IN THIS LINELNY
pi=pos»=16;

pi= p1 & OXOUOOFT,

p2=pos & OxD00Uffif;

vel=(long){ velocliy*Res2"204a*Factor2/{(60°Fclk2) );
vizve] >3 16

vi=v1 & OXO000fT;

v2=ye] & OxGODOf:

accel=(long){ acceleiation*res*factor*Squars );
al=atcel>>16; _

al= at & 0xQI00FFHF

aZ=accel & Ox00Q0fff;

Wiite_Command{AxisNo,0x1F);* Load trajectory paramaters®/ -
Write_Data(AxisNotralli /" Load traJectory control word®/

*The trajectory control word can in somie cases speclfy only,
one or two paramters to download... thus the case statement®/

I o

Wrie_Data{AdsNa,a);
-Write_Data{AxdsNo,a2);
Wite_Data{AxisNa, vi);
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. Wﬁte_Déta(AxisNo.vZ);

- \Writs_Data(AxisMo,p1);
Wirite Data(A:dsNo,pZ}.
¥

'trajx trafy .
trajx = tra}&ﬁxauuuffﬁ'
if ((trax | Ox20)==trajx)

{ Write_Daia(AxisNo,a1); Write_Data(AxisNo,a.); }
If ((rajx | Ox08)==trajx}

{ Write_Data{AsdsNo,v1); Wma__Data(AxisNo,vz) }
If {(trajx | Ox02)==traix)

{ Write_Data(AxisNo,p1); Write_DatatAxisNo.p2); }
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MASTER.C

/* this is the master program which controls the actions and
tnotien of the robot in a sequentiat manner. All the necessary
sub-routines are linked as form of a project,

i[ . ) .

#irclude <stdioh>
#include <stdlib.h>

#include <conjo.h> _
#nclude <graph.b> .
#include"s:\mastersiproi\ext_vars.h"
 #include"c\imastersiproj\inproto. h™¢

vold modes);
test();

maind

{
Cleérb‘creeno;

Inlt_Robot();
Merui();

}
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MOVEHOME.C

# include <stdio h>
#rclude <stdlib.h>
. #include <conlthh>
#include "¢:\masters\nrojiext _vars.h”
finclude"c:ymasters\prol\Mnprote.h"

#define ON 0
#deflne OFF 1

Ffunction prototypes®

vold Microswitches(vold);

int Int2Bin(int number, int Amray{8j);
vold Samplevold);

MoveNeg(int AxisNg);

- MovePos(int AxisNo),

* Stop(int N); :

. int AvdsMo, §; N;
int 10_addr = 0x300; -
it Bin1[8),Bin2{8],Bin3[a];
int SW[15];

Pﬂmﬂmﬂﬂ*

MveHme();

USAGE :
moves the robot to the home position

INPUTS
the current robot position

OUTPUTS

the record of joint angles is sat'to_ the hnme' position angles

WW *{
‘MveHme()

chark;
~extern char LimitFlag;

SetCursor(ACTIVITY,2);
printf("Moving Robot Hame'™);

RoughPos(; -
if{LimitFiag==FALSE)
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{

Micraswitches();
for{l=1;l<=5;14+)

} AbsAngli=rome[;

Update(;.
} .

R T——

RoughPos( .

UBAGE
moves the robot approsimately to the home position

INPUTS _ OUTPUTS
the currentjplnt angles none

W ﬁ!‘
RoughPos()

{ o
float F[6], Diff(6]; '
~ int Speed=250, |, HomeFlag=FALSE;

SetCursor(ACTIVITY.2); :
printf("Moving Robot Roughly to Home Position'};

- for(l=1ils=5l++) -
Difflil=fabs{AbsAng{i]- Homa{il}.

lf(DIff[1]<5 &8 lef{2]<5 88 DIff[3)~ ~ 8& DIff4]<5 && DIf5]<S )
HomeFlag=TRUE;

if(HomeFlagl=TRUE)
{ : :
for(f=1;i<=5;1++)
TH]=-1*AbsAng(i]+Homeli];
SetCursor(RESULTS1,2);

printf("Moving robot home by : %0.1F %0.1f %0.1f %04 %01t ?",

T ]‘.T[3I.T[41.T[5D:

MoveRobot(T, TRK4);
SetCursor(ACTIVITY,2); :
printe(" "
SBtCurspr{RESULTS1 2)
printf(" ' b
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}
P*ﬂ*ﬂmﬁ*&

void Micruswilches(vold)

USAGE -
places the rabot i tha hume position accurately using the robots
mlcrosw*c!'tss

mnPTE | OUTRUTS
rene ~ none :

*ﬁ*ﬂum*m *’

void Micraswilches(void)
.

Pnitiglise the LMB628'sY

SetCursor(ACTIVITY,2);
printf("Maving Robot to Home Posliion using Mlcmnswnches")

for(AxisNo=1 .AxIsNo-c—s,AﬁsNo-:--:-}

{

SfwReaset(AxisNo);
Shpa({AxisNo,0x7FFF); -
Rsti{AxisNG, 0x10); .
Lfil{AxisNo,15,1,10,1000 DXOSUF),
Udf(AxisNo);

}

k.

HOME THETA/ANY AXIS

Sample();
for( N=T;N<=5;N++) PN = Axis number, SW = Home, Right, Left M/Switch*/
{ -
IfSWI(N-1)3+0]==0Nj) ~ /home limft switch reached
MbveF’os(N);
do
_ { Sample(; }
whila{ SWIN-1)*3+0]==0N };

Sleep(1500);

Stop(N);
Sleep(100);
Ma\;eNeg(N)_;
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. do }
S Sample(; }
whila( SW[(N-1)*3+0]-OFF)
Step(N);
}

if( SW(N-1)*3+0]==OFF && SWI(N-1)*8+1]= =OFF && SWIN- 1)*8+2]—-0FF)
' Al switches open, [E-IN BETWEEN LIMITS"/

{
MovaPos{N);

du : Huntil home or pos limit is reached

{ Sampleg; } _
whiie{ SWI(N-1)*3+2]==OFF && SW(N-1)*3+0}==0FF );

Stop(N): _
- If(SWI(N-1)*3+2]==0N) f+ve limit switch reached
{ _ _
© MoveNeg);
do

{ Sampla(; }
- while( BWI{N-1)*3+0]==0FF )};
Stop(N); :
} .

else
H(SWI(IN-1)*3+0]==0N) /homes limit switch reached

{ o
MovePos{Nj;
do :
{ sampled; }

while{ SWI(N-1)*3+0]==ON };
Sleep(1500);

Stop(N);

- Sleep(100);

MoveNeg(N);

do
{ Sample(; }
while{ SW(N-1)*3+0}==0FF );
Stop(N); |
}
)
}
} .

SetCursorfACTIVITY,2);
prnif(® b

}
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_pm

MovePos(int AxisNa)

USAGE _
moves a fink In a positive Totation

INPUTS QUTPUTS
none ' none

| iAol ’
MovePas(int AxisNo)
{
Int traj;

sfwReset{AxisNo),
Sbpa(AxisNo,OxTFEF);:
Rsti{AxisNo,0x 10); .
Lfil{AxisNo,15,1,10,1000,0x080F);
Ucdf{AxisNo);

if(AxisNo==1 ]| AxisNo==3 ] AxisNo==4)
traj=0x083C;

[ffAxdisNo==:2 || AxisNo==
traj=0x183C;

Lirj(AxdsNo,0,200,10,traf); ReleaseBrake(AxisNa); Sti{AxisNo); -
} L ' o

Ilmﬂ*

MoveNeg(int AxJsNo)

USAGE
moves a link in a negitive rotation

INPUTS OUTPUTS
none none

W ‘!
MuveNeg(int AiIsNu)
{ .

int traj;

StwReset{AxisNo};
Sbpa({AxisNo,0<7FFF),
Rsti(AxdsNo,0x10});
LAl{AxisNo,15,1,10,1000,0x080F);
Udf(AxIsMNa);
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" IftAxisNo==1 || AxisNo==3 || AxisNo==4)
traj=0x183C;

if(AxisNo==2 || AxisNo==
traj=0x083C; - .

Ltrj(AxisNo,0,200,10 traj); ReleaseBraka(AxIsNu); Stt(AXisNo); :
H _ : C '

o et
Stop(int N)

USAGE |
stops e link from rotating

INPUTS OUTPUTS
the link number " none '

“
Stopnt Ny
- LL(N0,77,10,0%0200); SK(NY; ApplyBrake(N);  /istop

SfwReset{N);
}

” .
int Int2Bingnt number, int Array[D

USAGE '
converts a decimal number to a bihary number

INPUTS . _ QUTPLTS
the decimal number the binary number

Y

~ int IM2Bin(int number, int Array[])
{ _—
int};

unsigned int mask;

char chofce;

mask=0xE0;
for(=1ij<=8ij++)

Atray[9-[l=(mask & number) 71 :0;
masks>=1;
} .
Yo
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void Sarhblfe(v_bid)

USAGE - B - ' S
samples the status of the microswitchas to see which are on and which are
off . ]

INPUTS . . OUTPUTS .

none _ the status of the microswitches

x
void Sample(void)

kit lo_Addi=0x300;
Int &, b, temp;

outpylo_Addr+3,0xab),
outp{lo_Addr+3,0xh8);
outp(lc_Addr+3,0xi);

“outp(lo_Addr+3,0x10);
outp(lo_Addr+3,0x8h);

a = inp{io_Addr);
b= inp{lo_Addr+1);
Int2Bin{a,Bin1);
Int2Bin{b,Bin2);

SWID] = Bln1[1]; .SW[1} =8In1[2]; SWI2] =Binl[3}; |

SWI[3] =Bintld; SWI[4] =BIM[6]; SWI5] =Binl[5];
SWi6] =Bin2[1]; SW[7] =Bin1[7]; SWI[8] = Bin1[a];
SW[9] =BIn2[2]; SW[10]=Bm2[4; SWI[i1]=BIn2[a);

SW[12] = Bin2[5]; SW[14]=8BIn2[8}; SW[13] = Bin2[7);

FNotin set;uanme due to different wiring order |*/

tamp=SW[5]f
SWIS]=SWI4];
Swid]=temp;

temp=8W[7],
- SW[7]=SWIs];
SWs]~terp;

} .
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Il
"cofiquration of Ii_mit switches,.

neég nNbme pos
-——> positive direction of rotation

“* whare if robot is moving from home in a positive direstion the pbs-
" migroswitch will switch on s the robof joint Is reached

* where if robot is moving from home In a negetive direction the neg
microswitch will switch on as the robot jolnt is reachad '

SWI0J home ms Joint 4
SVl = negms joint1
SWI2) posms joint 1

SWI3] = home ms joint 2
SWI4] = posms joint2
8Wi5] = negms joint2

Wi

SWIB] = home msjoint 3
SW[7] = posms joint 3
SWIB] = negms Joint3

SWS] = home ms joint 4
SWI10]= negms Joint4
SWIH[= posms jeint 4

SWI12]= home mé joint &
SWI13l= negms Joint5
SW[14]= posms joint5

ki
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&.."RASND.C

* _ :
* retyurns the distance from the uitrasonic sensor to the
* nparest object in front of it

t! . . .

- #include “e:\masters\prof\adr, h” 1* driver functions
#Include "c\masters\projiext_vars.h* N
i #mcluda"c.\masters\proj\mproto h*

#include <stdio.h>
#nclude <stdlib.h>
#iriclude <conio.h>
#include <dos,h>

function prototypes"

vold InitADBoard(); .

int UkraSndSensor();

vold ReleassADBoard({void);

int bh; /* our baard handie */
int boardtype; f* our hoard type %/ -

void InN{ADBoard()

{ .

int baseaddr=0x700, t;

. /*{irst get a board handle to use ¥

- Bh=EDR_AllocBoardHandle();
if {Ibh) /*this should never happen with DOS ¥/

{

printf("No free bnard handles\n");
exit(1);

}

# initialize the board at the specified basr address ¥/
1=EDR_InltRoard Type({bh,baseaddr,PC28);
if (t) printerror(t);

b

int UltraSndSensor()

{ _ . _'
int baseaddr, emip,ot, Counts, NoCounts=1%;
char s[80}, choice;



" it Channel=2, r; E Premerfiber to use the rorrect channel 111

long uvolis: .
float Ratio=8.10; £8,10mV/mm*
flost Outpuit, Total=0; :

f* display fhe voltage on channel 2 ¥/
for(counts=0'COunts<Nocounts;Cuun{s++)

freading ultrasound channe*/
=EDR_ADInOneVoltage(bh,Channel, &uvalls);
if {r<0)

printesror(r),
else

Output = ( (floatjuvolts/1000 }/Ratlo;

Total+=Output;
} .

Dist=Total/(float)NoCounts;

void ReleaséADBoard(vaid)

{

#* retease the board handle {not necessary for DOS) *
EUR_FreeBoardHandis(bh);

}

printercor{int r)
/* displays error msg and exits ¥/

{

char s[80J;

EDR_8&Error(r.s); /* convert error nurnber into a string */
SetCursor(ACTIVITY,2);

printf("%sin’,s); :

exit(ty;

}
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UTILS.C

Fiie utilities®

#nclude<stdio.h>

-Hinclude "c: hnaslers\pm]\e:d vars.h"
#include <stdiib,h>

#Hinclude <string.h>

. #include <math.h>

e glude <time.h>

#atiude <confoh>

#include <graph.h>

. #incloge"c; \maslers\proj\fnpruto.h"

#define OPEN 0
#deflne CLOSED 1

. function prototypes
vold Write(vold);
void Read{vald);
void Menu1 (void);

© void TestWhatever{vold);
void PiekandPlace(void);
void Pick({void);
vold Place(vold);
void Pause(vaid);
vold Quit{vald);

- vold GailbralaCamara(void},
vold FindDims{void);
vold CloseHand(vold);
vold OpentHand{voldy;
void Handlelnput{void);
void Updats{vold); .
void AllgnCamera(vold);
Errors{int Errorio);
void MoveHome(vold};
vold Pendant{vold});
MoveZAx!s(float ZDist);
vold ConstVelo{vold);
void Step{void);
vold iMPosChoicaivold);
void AlgnTICentCheica(vaid);
vold MoveZAxisUser{void);
void Translate{void);
vold YPR1(fioat Yaw, float Pitch, fioat Roll),
void CaliWws3(vold);
vold ClearText(vold);
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 int HandFlag=OPEN;
‘float Rotf4][4],. : :
int NoChotcas1=8, NoCholces2=11, left=50, max;

J% iy
void Writa{void)

USAGE
writes the joint angles to a text file

INPUTS g OUTPUTS
none ' the surrent joint angles

)
void Write(void)
FILE *StreamOQut;

int i, numread, numwritten;
intQd); :

SetCursor(ACTIVITY,2);
prirtf(*Writing Robot joint Angles to file™;.

StreamOut = fopen{®c:imastersWprof\W_Angles,out” "wHt";
forintfi(StreamoOut, "%f %f %T %1 %, _

AbsAng[1],AbsAng[2],AbsAng[3},AbsAng (4], AbsAnglS];
‘folose(StreamOul);

SelCursor{ACTIVITY,2);
printf" s

}

[ o
vold Raad{vold) '

USAGE _
reads the Joint angles from the text file from the last session

 INPUTS ~ QUTPUTS
none . the joint anples

b Y £]

void Réad(void)

{
FILE *Streamin;



- it listfe];

int i, nurnread, numwritten;
SeiCursorACTIVITY,2);
+ printf("Reading Robot joint Angles frum J Angles out").

Streamin = fopen{"s:imasters\proj\J_Angles,out "r!-t');"
fscanf(Streamin, "W%f %7 %F 96F %,

&AbsAng([1],&AbsAng[2], 8AbsAng{3], 8AbsAng[4], &AbsAng[SI). :

felose(Streamin);

)

e roat
- vold Quit{void)

USAGE
‘switches off the camera and uitrasound cards

INPUTS . OUTPUTS
none cails the read maodule

.*;

void Quittvoid)
{
int AxIsN_u:

WriteQd; .
Sleap(500);
if{CameraFlag==1}
DisableDriver;
ReleaseADBoard();

for(AxisNo=1;AxisNo<=5;AxisNo++)
- SfwReset(AxisNo);
Brakesinit();
CledrScreen();

exit(oy;
}

J ik, s
void CalibrateCamara( rold)

USAGE
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callbratss the camera

INPUTS OUTPUTS
none _ o Jone :

it ]
void CalibrateCamera(void)

char choicelB];

printf("npress 'y’ to tum on camera :'};
‘cheice[0] = getche(); .
if(choicef0]=="y")

TumOnCamera();

do
{
- SetCursor(22,2);
“printf{"press 'y to unfreeze video :");
cholce[1] = getche(;
if(choical1]==
InputHandler(FREEZE);

SetSursor{CHOICE, 2);
printf("Press *y' to find pix dists :);
choice[2] = getche(;
if(choice2]=="y)
lnputHandIer(CENTROlD),

| PrintEdges(h');
PrintEdgesiy?;

_ satCursor(RESULTS‘l 2);
printf("OffX=%d pix OffY=%d pix Obj\Wd=%d plx Oijt=%d pix',
OffsetX, Offsety, Objwd, ObjHt);
~SetCursor(CHOICE,2); -
printf("Press 'y' to repseat ;");
choice]3] = getche);

InputHandisr(FREEZE};

) .
while{cholce[3]=='y");

- DisablaDriver);
}



pr—— "
vaid FindDims(void) -

. USAGE

' finds the number of mm of an object in the horizontal and

vertical directions in order to check camera calibration

INPUTS _ _
" the distance of the cbject from the carnera

QUTPLITS
the dimension of the object

"

void FindDims(void) -

{

 char choice{6];

. float PixPermmX, PixPermrnY
int dec;

printf(Mingsess 'y to tu.n an camera :");

choica[0] = ga[cheo: :

if{choioe[0]=="y :
Ta.'mt}nc:amerao: :

do
{
Satcursor(zz,Z), :
printf("press 'y'to unfresze video :");
choicef1] = getcha();
if(cholcef1]l=="y} .
InputHandler(FREEZE);

SetCursor(CHOICE, 2); .
printf("enter distance betwsen target and camers "),
seanf("%d", &dec);

SefCursor(CHOICEZ); .
printf("Press 'y to find dims );
choice[2] = petchel); .
if(chalcef2i=="y)
inputHandler(CENTROID);

SetCursor(RESULTSA,2); - '
printf(" OhiWd=Y%d pix ObjHt=%d pix", ObJWd, Objil);

PixPermmX = ax*pow({deéc,4) + bx*pow({dec,3) + cx*pow(dec,2)
+ ux*dec + ey

PixPermmY = ay*'pow{dec,4) + by*pow(dec.3) + cy*pow(dec.,Z)

: “+ dy*dec + ey
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. OffsetX = nt}{OffseUPixPermm);
OffsetY = (Inf)(OffEetY/PixPermmY);
OpWd = (inf}{ObjWd/PixPermmX);
oijt = (in){ObjHUPIxPermmY);

SetCursor(RESULTS2,2);

printt('Ob[Wd=%d mm ObjHt=%d s, Obde ObJHt);

Gewursnr(RESULTsa,z}, _
printf("dist=%d mim " dec);

SetCursor{CHOICE,2);
printf("Press 'y' to repeat ;")
choice(3] = getcha();

. InputHandler(FREEZE);

} .
while(cholca[3]==
DisahléDriver();
} _

o vt
void CloseHand(void)
USAGE |
closes the gripper

INPUTS OUTPUTS
none nene

void ClaseHand{vold)
{

ReleaseBrake(7);
HandFlag=CLOSED;

}

. e e ek b Y
void OpenHand(vaid)

USAGE
opens the gripper

INFUTS OUTPUTS
fane . none
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. *
void OpenHand(vold)y
yoia o

‘ApplyBrake(7);
HandFlag=CPEN;

-} . '

P : ., .L .. el e o ekl

void opencluseHnd_(vnid)

USAGE _

toggles ihe gripper cpen/cfose condltion

INPUTS ' QUTPUTS
none _ _ nohe @ ..
ik vl

void OpenClossHnd(void)

R
if(HandFlag==CLOSED)
- QpenHand(); '
glse .
If{HandFlag==0PEN)
CloseHand();
-}

s . "
vold Menu2{void)

~ USAGE
. shows the second menu and obtains input

INPUTS R OUTFUTS
the user cholce ‘the module called by the user

NPy

void Menu2{void)
¢

int number=1, i; .
char *String2[] = {
" 1: Step()",
"2 Quits",
‘A Pendant);", .

- "4; MoveHome();",
"5 AllgnCamera”,
"&. UnFreeze Image",
r7: Freeze Image®, .
® 8: TestWhatever();",
"9: MoveZAxis(",
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*™ 10: OpenCloseHnd(;",
*11: Main Menu", -

k
iffNoCholces1>NoChoicesZ)
max=NoCholces1;
ifiNoChoicesi<NoChoicas2)
max=NoChoices2;
for(=0;i<=rmax-1;i++)
{ .
SetCursor(i+2,left);
- printr(’ B
} : _
while(number}=6 && numberl=2)

{
SetCursoi(1,1efl); :
Printf("UTILITIES MENU")

for{i=0;i<=NoChoicas2-1,i++)

{ . .
SetCursor(i+2,laft);

| printf(*%s”, String2{ih;
}

Updata(};

SetCursor(CHOICE,2);

printf("fenter choloe "),

saanf("%d", &number);

switch(number)

o o '
case 1: Step{); break;
case 2; Quit; break;
case 3: Pendant();
pase 4; MveHme(); .

- case §; AllgnCameral);
case 6 UnFreeze();
case 7t Freeze();
case §; TestWhatever(),
case 9 MoveZAxisUser();
casa 10; OpentlossHnd(;

"~ case 11; Menui ()

}
}

break; -

break;
break;
break;
break;
break;
break;

break;’

break;
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_ vold Menut(void)
USAGE - _
shows the first menu and obiains nput

INPUTS 'OUTPUTS
the user cholca .the module calfed by the user

“
* void Menut (void)

int number, i; _
char*Stringf] ={
™ 1; TumOnCameéra(;”,
* 2: Run WS3 sim. pkg.",
" 3: translate W83 to C",
" 4; run W83 C flle",
" & Qui(:",
" &: Utilitles Menu",

| h
if(NuChpices1>NoCholces2)
max=NoChoices];
if(NoCholoes1<NoCholees2)
max=NoCholces2; _
for(=0i<=max-1;H++)
{ .
SetCursor(+2 left);
printf{" "
}
while(numberl=5 &% numberl=6}

{
SetCursor(1,left);
printf(*MAIN MENLU");

for(=0;i<=NoCholcest-1:H++)
{ .
SetCursor(i+2,left);
printf("%s",Stringli;
}

Update();

SetCursor(CHOIOE,2);



printf("Enter ghoice {n) ™)

)

scanf("%d", &number);
switch{number} -
case 1: TumOnCamera); - break:
casa 2: CallWs3(; : brasal;
case 3: Convert{); break;
case 4: RunWS3trk(); break;
case 5. Quit); - break; .
casa 6: Menu2(); : break;
} .
}
Fid . 1
void TestWhatever{voli
USAGE _ _
tests whatever module the user wants to
INPUTS _ OUTPUTS
. none : . none
»
void TestWhatever(vold)
{.
}
o .
vold AlgnTICentCholce{vold)
USAGE '
INPUTS
OUTPUTS
. "
vold AlgnTICentChoice({void)
{ .
int &;

SetCursor{CHOICE,2);



printf("Align with cube<1> or hole<0>, enter choice ™);
scanf("%d",&a); .
AlignTonl(a);

}

’ﬂc
vaid !ntPosChoica(void)

USAGE
INPUTS

OUTPUTS

u_-. e *!

void IntPosCholoe(void)

inte;

SetCursor(CHOICE.Z),
printf("Intersect pos for cuhe<ti> orhole<0>, enter cholce KU
soanf("%d" &a); -
IntersectPos(a);

}

M” ik '
vold TastFulses{vuid)

USAGE :
determined the riumber of pulses pei degree for each joint

" INPUTS QUTPUTS
none none a

3 e *;

void TaslPulses(vuid)

{

float Ang, Pulse, A{8]={0,0,0, 0 0.0};

int AxisNo, 1, Times=10;

long Degs;

int AXIsSwitch[6]={0,-1,1,-1,-1 -1}
extern int Status Array[al,

extern long Signal_Register, Index_| Pos1 Index_Fos2, Dposi,

Dpos2, Dyeld, Dvel?2, Rvel, Sum;

SetCursor(CHOICE,2);
printf('enter axis no ;. ™),
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scanf("%ed”, &AxisNo);
SetCursorCHOICE,2);

- peintf("entar no degress: ")y
scanf("%,3Ang); . '
SetCursor(CHOICE, 2}
printf(*enter no pulses. ")
seanf("%f" &Pulse);

AjAxisNo]=Ang;

Degs = (lotig)( (floaf)Ang * (ﬂuaﬂA:dsSWﬂch[AxlsNa] * (loatiPulse );

Degs=Degs/Tlmes;

for{l=1;1<=Times;H++)

{ .

InitMovelA);

LoadPrmsPLS(AxlsNo, Degs);
do

{ Rdstat{AxisNo); }
while(Status_Array[2l[=1);
- ApplyBrake(AxisNo);
Pfh{AxisNo);
Rati{AxisNo,GxTe);
Sleep{1);
}

Brakaslnit(;
BfwReset{AxisNo),
choice[2]=getchel);

for(=1;l<=Times;++)

 InitMove(A);
LoadPrmsPLS(AxisNo, -Degs);

do

{ RdStat{AxisNo); }
while(Status_Array(2jl=1); -
ApplyBrake(AxisNo); '
Dif(AxisNo);
Rsti{AxisNo,0x7e);
}Sleep(ﬂ:

Brakasinit]);
Sfwileset(AxisNo);
y

* ik
void ClearText(void)
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USAGE _
clears the téxt fnn the screen

OUTPUTS. o ~ INPUTS

nohe ) none
vy,

vold ClearText{vold)

{ : :

Polear the screen from &l text*/

SetGursor(ABSANG 1 Ieﬁ-T).

printf( "
SetCursar{ABSANG left-7}; .
piintf(" pH
SetCUrsOr(ABSANG+1,left-7); .
printf(" - B
SetCursor(ABSANG+2 left7); -

printf(" ' Y
~ BeiCursor(17,1};

printf(" : "%
- Setcursor('!a 1;

printf(’ "
SetCursor(19 1%

printf(" ¢y
SetCursor(20, 1); -

© printf(’ . ; "k
SetCursor(21,1);

pinfi® . P
SetCursor(22,1); _
printf(* g
SetCurson(23, 1). _

prmﬂ(“ e ' g

}

Jreme—— -
vo[d Update(vold)

USAGE
prints the teol orientation and positlon on the screen

INPUTS _
the ultrasuund distance snd the joint angles

OUTPUTS -
the current helght above the hench (if above bench, the cument tool
position and orientation



"
void Update(vold)
{

int i, left=50;
 float DumbAnglea[E],

ClearText();

SetCursor{ABSANG-1 leﬂ-n, '
PARTC'Q : (%0.11,%0.11,%0.1£,%0.11,%0. 11,
AbsAng[1],AbsAngi2], AbsAng(3], AbsAng4i,AbsAngi5]); - -

for(i=1;l<=5;++)
DumbAnglesfil=AbsAng[i;

ToclPos{DumbAngles);

Selbursor(ABSANG left-7);
prlntf(‘ K Y.Z) + (%0.11,%0,11,%0.16", AbsPos[D},AbsPos[ﬂ,AbsPus[Z]},

' Setcursur(ABSANG+1 left-7);.
printf("(Y,P,R) ; (360,11,%0.11,%0.1)", Yaw, Pitch, Ron).

‘UltraSndSensor(; -
SetCursor{AHSANG+2 Jeft-7),
printf("Distance = %0.2f mm", Dist);

SetCurson{ARSANG+3 left-7);

. H(FzeFlag==FROZEN)
printf("Frozen Imaga");

f(FzeFlag==LIVE)
printf{"Live image");

White();
H

f* . N i 4
vold AllgnCamera(vold)

USAGE _
places the tool above the bench, turns on the camera and allows the
camerd to be aligned with the tool X and Y axes

INPUTS OUTPUTS
none : none

e 4
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- void AlignCamera(void)

{
#definea READ ]
- #define WRITE . 9
{nt TotX=10, TotY=10,1; -
float P[4], R{4](4];

exiem unslgnad long WIDTH , HEIGHT;'

SelCursor{CHOICE,2);
printf("mave to align poslition 7*);
. cholcel3=getche();
if{choice[3}=='y)

{

Mve  nef};

P[1]=513,538001; P[2)=0; P[3]=781.3658225;
RMI1]=1;  RM2}=0; Rijlisp=0;
Ri2[)=0;  RI22]=1; RIZ31=0; -
R[EI1]=0;  R[3}j2}=0; RE3][3]=-1;
invKInemnatics(P R, TRK4); - .

} :

“do

.
SetCursor(CHOICE, 2);

- printf("press any key when ready :");
chalce[1] = getche;

ReadQORWriteBuffer(READ);

Jmwrite vertical cross-hairs to soreen®/
for(i=1;i<=TotY;i++)

{

CsHairX[] = WIDTH/2;
CsHalrY[i] = ammm);(romn.
} .

{*write horizontal cross-hairs to screen®
for{i=TotY-+1;l<=TotX+TolY;l++)

{ .

CsHairXp = ((FTotYyWIDTH)/(TotX+1);
CsHalrY[l] = HEIGHT/2;

}

CsHairX[TotY+TotX+1] = WIDTH/2;  //pat a cross-hair In the middle

CeHalrY[TotY+TotX+1] = HEIGHT/2;
CrossHair(TotX+TotY+1,Black);
ReadORWriteBuffer(WRITE);
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UitraSndSensor();
SetCursor(RESULTS1,2);
printf("Tool Is %0.3f mm.above bench ", Distj; ..

SetCursor{CHOICE,2);

printf("prass 'y to repest :";

choloe[0] = getche():

if(choicaf0]l=="y")
UnFreazs();

}
whils{choice[0]=="y");

UnFreeza(),
}

v
Errors(im ErrorNo)

USAGE
prints an eror message if the something goes mng

INPUTS - " OUTPUTS
an arror number _ none

rom. L.il. » e *!

Errars{int ErrorNo)
{

char*EtrorMsgl= {
* Probiem wlth findng the centrold"
" Problem with Ultrasound”,
" Domain error - cannot find joint angle 3",
" Robot Iimit reached”,
" Cannot run W83,exa",
* Cannot run Pendant.exe”,
" Fatal error - Ultrasonfc sensor not on.”,
" FS200DRY driver not installed ",
* Translation fror. WS3 to C not working”,
" Work envelop. sceedad”,
" Gannot inove robot ¢ joint 1 limit will be exceaded",
" Cannot move robot : Joint 2 iimit will be exceedad®,
" Cannot move robot : joint 3 limit will be exceeded",
" Gannot niove robot ; Joint 4 imit will be exceaded”,
" Cannot mave robot : joint 5 limit will be exceeded”
h

SetCursdr(ACTIVITY,2); :
* printf(*Error : %s *,ErrorMsg[ErrorNa) );
Beep(3000,150); Sleap(100);
Beep(3000,150); Slop(100);
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Beep(3000,150); Sleep(1500);
} .

s e
_void Pendant(vold)

USAGE :
~ calls the teach pendant developed by Ehud Hlos

INPUTS OUTF'UTS
none o - none

it o

Vcid Pendant(vold)

{ :

ff(system("Pendant.exe")==-1}
Errors(7);

} .

Fud : e Ak £
vold CallWwss(vold)

USAGE
calls the robot slmulation package Ws3

INPUTS . ' : ouTPUTS
nene ' none -

3 -y i -._4. o 3 ‘,

vold CaliWws3({vold)

{

fchange to the WES direclory™/
_chdir"aWS3™);

H{systom("c:\Ws3WVS3, axe"y==-1)
Errors(B);

Pchange back to the working diractury*f
_schdir('c:\Wnasters\prol);

b
K SN
USAGE
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CINPUTS
 OUTPUTS

PR ‘.!l -
vold MovezAxisUser(vold) -
{ .
float Al
SetCursor{CHOICE,2);
printf{"Enter amount t¢ move tool In Z Axls ; *);
scanf("% M &A);
MoveZAxls(Aj:
} .

~ ik
vold MoveXAxis(void)

| USAGE '
moives the toof In the robot bar = X axis keeping the same yaw, pitch and roll
anglas :

INPUTS QUTRPUTS
none - none
. : . -
- void MoveXAxis(float XDist)
g[uat PHM]:

. {1]=AbsPos[0] + XDist;
- Pl2l=AbsPos[1];
P[3]=AbsPosi2];

YPR1(Yaw,Pitch,Roll); .
invikinematios(P Rot NOTRK4);
Update();

}

-
void MovaYAxis(_vold)

USAGE
moves the tool In the robot base Y axis kaaping ti e same yaw, pitch and roll
angles
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INPUTS - OUTPUTS

none _ nane
void MoveYAxis(float YDist)

f‘loa‘t PUL

P[1j=AbsPos[0];

P[2j=AbsPos[1] + YDlst;
Pl3)=AbsPas(2];

YPR1(Vaw,Piteh,Roll);
InvKinematics(P,Rot NOTRK4).
: Updale(),

MoveZAxis(float ZDist)

USAGE

moves the tool in the robot base Z axls keeping the same yaw, pitch and roll '

angies

INPUTS OUTPUTS
-honeg none

*f

MoveZAx(s(float ZDist)

{ . _

float P{4];

P1]=AbsPos0};
Pl2}=AbsPos[1);
PI3}=AbsPos[2} + ZDist ;
YPR1(Yaw,Pltch,Roll;
InvKinematics(P,Rot, NOTRK4).
Update(},

:

void YPR1(float Yaw, float Pitch, float Rolf)

USAGE
calculates the too] rotation matrix from the orientation of the tool
In yaw, pitch and roll angles _
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- INPUTS _' | OUTPUTS
the tooi yaw, pitch and roll angles the rotational matrix

o
- void YPR1(float Yaw, float Pitch, float Roll}

{ -
fioat Cy,Cp,Cr,8y,8p.Sr;

Jeprintftyprt  yaw=%f pitch=%f roll=%f ",Yaw,Pitch,Roll);*

Gy=cus(YawR TO_DY; Co=cos(PilchiR TO_D) _ Crecas(ROllR_TO_D;
Sy=sin(YewR TO_D); Sp=sinfPitch/R_T0_D); Sresin(RoliR_TO_D)

Rot[][1]=Cp*Cr; Rot{4][2l=Sy*Sp*Cr - Cy'Sr  Rot[{}[3[=Cy*Sp*er + Sy*sr;
Rot[2][1]=Cp*Sr; Rot[2}{2]=Sy*Sp*Sr + Cy*Cr; Rot[2][3]=Cy*Sp*Sr - Sy*Cr;
Rot[3]1}=-Sp;  Rot3}Z=Sy*Cp; Rot[3][3]=Cy*Cp;

}

~ . '. - -
void Stap(vold,

- USAGE : : '
meves a folnt and amount both specified by the user

NPUTE ' OUTPUTS .
rong ' none :

RUIRRRo—

vold Step(void)

{ .

int AxfsNo, Speed=300, Type, Rotation;
float Qief={0,0,0,0,0,0%

Int Traj=0x03f, Accel, P, i, D;

[ong Degrees;

do .
{

. SetCursor{CHOICE 2);
prntf("enter axisno 7");
soanf("%d", &Axisho);
 SetCursor(CHOICE,2);
printf("enter angle 77;
scanf{" %", &QAxIsNo]);

MovaRobot(Q, NOTRK4);
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0[1]=Q[21=Q[3]=Q[4I=Q{5]=0:
”
(ﬁuat)Pulses[A:dsNo] ¥
SMReset(A)usNo), '
Shpa(AxisNo,0xTFFF);
_ FstifAxisNo,0x10);
- Dfh{AsdsNo); _
Accel=10;  P=500; |=750; D=1500; Speed=150;

 Lfil{AxisNo,P,1,0,1000 uxoaoF)
Udf(AxisNo);

" LjPLS( AxisNo , Degrees , Speed , Accel , Traj );
 Sil{AxIsNo);
Sleep(2);

ReleaseBrake{AxisNo);
Sleep(zsﬁﬂ); -
- NewsStop(Q);
ApplyBrake({AxisNo);
- Sleep(s); :

SfwResel{AxisNa),
s

SetCursor(CHOICE,2); .

printf("repeat 7"};

choice[11=getehal);

1 _ :
while{choice[1}=='y);

}

void ConstVelo(void)

USAGE
- moves # Joirit at a constant veloclty

INPUTS . outPUTS
none ) none .

Degrees = (lang){ Q[AxIsNo] (ﬂoal)AxisSwilch[A)dsNo} .
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R

void Cc.nst\{elo('.fold)

{ . o

float P[6]={0,0,0,0,0,0}, Ang;
int AxisNo;

exiem Int Status_Array}ay;

SetCursur{CHQICE,2);
printf("which axis to move ?');
scanf("%d",&AxisNo);
SetCursor{1,2); :
printf(*axisno=%d ", AxisNo);
SetCursor{CHOICE,2);
printf("how many degrees 7%);
scanf{™f, &Ang);

P[AxisMNoI=Ang;

' SetGursar(2, 2)
printf("p1=%f p2=%f p3=%f axisno=%d " P[1] P[21,P[3].AxisNo);
choloe[1]=getche(;

RdStat(AxisNo);
SefCursor(3,2):
printf( 1st 4 : %d %d %d %d",

Status_Array[0],Status Army[ﬂ,Status Array[2],Status _An'ay[aj Y

SetCursor(4,2);
printf(* 2nd 4 : %d %d %d %d ",

Status_Arrayf4),Status_Array]5), Status_Array{B] Stalus An’ay[?]) |

SetCursor{CHOICE,z).
prntf("ok to move 7%;
choice[2]=getchel);

|f(choice[2]--'y )
!‘*MweRcbotCV(F).*!prlntf("error - file not herel1");

RdStat{AxisNo);
SetCursor(6,2);
printf(" end .., 15t 4 ; %d %d %d 9%d ",

Status_Array[0], Status_Array[ﬁ Status _Array[Z] Status Array[‘..’.} b}
SsiCursor(7, 2).
printf" 2nd 4 : %d %d %d %d",

Status Array[4],Status_Array[5], Status_An*ay[ﬁ},Status Array[?])
choice[2j=getche();

)
s .
-Beep{ Int frequsncy, int durat]on_ }
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USAGE
makes the PC speaker heep

INPUTS  ouTRUTS
the frequecy and duration to beep . none :

Wi
Beep{ It fraquency, Int duration )
int contral;

if frequency )
{

' 1* 75 is about the shortest rellable dwation of a sound. ¥/
if( duration < 75 )
durgtion = ?5

1* Prepare timer by Sending 10111100 to port 43.%
oufp( Ox43 b8 );

/* Divide Input frequency by timer ticks per second and
* write (byte by byto) to timer.
) _ .
frequency = (unsigned)(1193180L / fraquency):
_outpn{ 0x42, (char)frequency );
_otip( Ox42, (charj{frequency >>8) };

J* Save speaker contro) byte. */
control = inp{ 0x61 }; '

* Fum on the speaker {with bits 0 and 1). %
_outp{ Ox61, controf f 0x3 )i
_ Sleép(durat!un): o
* Tum speaker back on if necessary. *

if{ frequency }
© _ottp{ 0x61, control };
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W_OFFLIN.C

#hegin robot motion®

Hinclude<stdio.h>
#nclude<stdlib.h>
#includs "c:\masters\proj\ext_vars, h"

~ #include "c:\masters\proj\fnproto.h”

Munction prototypes*f -

void YPR(float Yaw, float Pitch, float Roll);
void PickPos{void);

void InsertPos(void);

vold TestPos{vold);

void Run\WWe3trk{vold);

int FlagPick= FALSE, ln_sartF[ag-FALSE Delay,

. float Rot[4]{4], Duimiky;

> * itk
void RunWSSlrk(vn]d)

USAGE
tuns the WS3 track file writtén In C

INPUTS . OUTPUTS
WS3c.trik cont’ols the rohot 11|

-
void RunWs3trk(vold)

{
fidefine SAME 0
#define NOTSAME 1

inl Filter;
char emnd[30], Actfon[10];
fluat Pos[4];
FILE *Fptrini;
Fptrind = fopen(c:\mastersWiprojiws3c.trk",");
while(stmemp(emnd,"#end*™,7) 1= SAME)
{ . .
fscanf{Fptrin1, "%s", cmnd);
if{strnemp(emnd, "InvKin®, 8) == SAME)

{ . .
fscanf(Eptrind, *%f,%F,%F,%f,%f,%f,%s\n",
&Pos[1],&4Pos[2],&Pos[3],8Yaw,&Pitch,&Roll, &Action);
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' if(strncmp(ActIon. "I'RK4" 4) == SAME)
Filtter=TRK4;

YPR(Yaw,Pitch Rol); _
invKinematics{Pos,Ret,Fittet}:

H
if{stnempi(cmnd, “AlignToolCube®, 13) == SAME)
AlignTool(CUBE);

if(strnemp(emnd, "AlignToulHula 13) = SAME} .

AHgnTool(HOLE),

ifstmomp(cmnd, "CloseHand" g) == SAME)
CloseHand();

iftstmemp(cmnd, "OpenHand", 8) == SAME)
OpenHando.

 ifistmomp{cmind, "PosHole" 7} == SAME)
"~ InsertObject();

If(strnoimp(crmrid, "PosCube", 7) == SAME)
GraspObject();

if{strmemp(emind, "IntPosCube", 10) == SAME)
{ntersectPos(CUBE),

1f(strncmp(cmnd "ntPosHole", 10) SAME)
IntersectPos(HOLE); _

te{stromp(omnd, "MovaRer", 7) == SAME)
R

fscanf(Fptrind, "%f, %1,%¢" &Pos[1] &Pos[2],&Po~
MoveXAxis(Fos{1];

MoveYAxis(Pos[2]);

MovezZAxis(Pos[aD;

}

iftstrnemp(cmnd, “MoveAway", 8) == SAME)
{ .
fscanf{Fptrin, "%, &0umb);

Filter=NOTRK4,
Pos[1]=AbsPos[0];
Pos{2]=AbsPos1];
Pos[3j=AbsPos[2] + Dumb;

YPR(Yaw,Pitch,Roail);
InvKIinematics(Pos,Rot,Filter);
}
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" iftstmcmp(ciind, *MoveHome”, 8) == SAME)
Mvebme{); -

if(stmcmp(cmnd, "Pause", 5) == SAME) |

{

fscanf{Fptrin1, "% &Dslay).
Sleep(Delay); ’

}

o
void YPR(fluat Yaw, float Fltch float Roll)
USAGE

calculates the tao] rotation matnx from the or!entalion of the ool
in yaw, pltch and roll angles

INPUTS ' o - OUTPUTS. -
the toul yaw, pitch and roll angles . the rotational matrix
s y
- vold YPR(float Yaw, fioat Pitch, float Ral)
| ﬁloat Gy,cp,Cr,Sy,ép.Sr:
Cy=cos(Yaw/R_TO_D); Cp=cos(Pitch/R TO_D); . Crecos{Roll/R_TC_D);

Sy=sin(Yaw/R_TO_D); Sp=sin(Pich/R_TO_D); Sr=sin(Roll/R_TO_D}; .
ROtf1][1I=CP*Cn Rot{][2)=Sy*Sp*Cr - Cy*Sr;  Rot[1][3]=Cy*Sp*Cr + Sy*Sr;
Rot[2[[1]=Cp*Sr; Rot[2}j2]=Sy*Sp*Sr + Cy"Cr; Rot[2][3]=Cy"Sp*sSr- Sy*Cr;
Rot{3l[1=-Sp;  Rot[8)[2]=Sy*Cp; - Rot[3}[3]=Cy*Cp;

}
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| wss*roc.-c' '

* converts & \WS3 track file Into a C flle

NB THE TOOL ORIENTATION IN WS3 MUST ALAWYS BE SET ON
YAW, PITCH, ROLL --IN THAT ORDER, FOR THIS PROGRAMME TO
WORK*I

#niclude<stdio.h>
#include<math.n>
#include<string.h> .
#include<stdlib,h> :

#include “c:\masters\projiext_vars.h®

#define SAME 0

#define NOTSAME 1

#define TRUE 1

#define FALSE 0

#define NumStrings 12
#iefineR_.TO.D 57.20578

void Header1{void);

- “vold Footer{void);

vaid FeedBack{vold);

vald ConvartCmnadsivoid),

void Modify{void);

void TranstateCnelvoid);

YPR{float Yaw, float Pltch, fioat Roli);

void Header2{vaid);

void WhiteFlle(void);

void StoreStrings(void);
void FndHndCmnds{vold);
void Chnglnviin{int K);

FILE *Fpirin1;
FILE *FptrOut1;
FILE *Fptrin2;
FILE *FptrQut2;

char string]{2liNum8trings+2]{301;
char text[T50j[100]; -

{nt Totalstrings;

float R[4](4];

Convert()

{ .
SetCursor(RESULTS1,2);

printfCY{THE TOOL ORIENTATION MUST BE IN THE ORDER {YAW, PITCH, ROLLY;
SetCursor(RESULTS2,2); - _

prntfCMMIN WS3 IN ORDER FOR THE TRANSLATION TO BE CORRECT.";
SetCursor(RESULTS3,2);
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 pURCUVPRESS ' TO CONTINUE ‘N TOEXIT. "

choice[D]=getcha();

If(mofWiﬁ]%w' |} choicefo}=="Y")
ConveriCmnds(;
Modify(: -

1
}

Frr Hrickaeies

vold ConvertCmnds(void)

USAGE _
converts the WS3 commands into equivalent © commands

INPUTS ' OUTPUTS
the W3 track file - the Ctrack fite

SUSN ek 3

vold ConvenCmnds{vald)

{

FpirOut] = fopen("c:\imastersWpro/Ndummy.ixt”,"w4t");
Fpirin1 = fopen{"c:Vws3WrikiWits.ki","r");

Header1(;

TranslateOne();

Footer();

felose(Eptrint);
folose(Fptroutt};

}

void Headeari{vold)

{ o
fprinti(FpirOut1, "nftthe,_WS3_dummy_flle*/ \n\n"};
} .

void Footar{vold)
- fprintf(FptrOuty, “\ninfend¥™);
4 .

P . " . k. [WEATN]
- void TranslateOne(vold)
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USAGE

translates the wsa track fila to a dummy taxt file which Is then examined for

apen or close hand commands

INPUTS : OUTPUTS
‘the W33 track file : dummy.txt file

we
void TransieteOne(vold)
b axis, d1, d2; |
float ang, P[8];
char crnd1{[10], cmnd2{1 0],cmnd[10] mnd3[10],arb[10I arh2[1 0], c‘f 02
whﬂe(stmcmp(qmnd."enn",s) 1= SAME)
Eséanf{Fptrlni. "%s;‘. cmndy; |
MVOVE COMMANDSY _
- if(stmempgemnd, "MOVE”, 5) == SAME)
fscanf(Fptrind, *%s", cmnd2);

PMOVE AXIS Axis(Axisno,?,Degrees).
if(strnecmp{cmnd2, "AXIS", 4) == SAME)

{ .

fscanf(Fptrini, "%d %s %", &axis,arb, &ang);
fprintf(FptrOut1, “nPMove Axiz Command*/\n");
fprintf(Fptroutt, "MoveRobot J%d %f \n");

3 .

FMOVE TO - xy,x,yaw, pitch,roll/
if(stimcmp({cmndz, ¥TO", 2) == SAME)

{
" fscanf(Fptind, "%15",cmnd3);
if(stmomp(cmnd3, "P*, 1) = SAME)

{

fscanf{Fptrint, "%[AF \n",ark); -

fscanf{Fptrin1, "%1s",arb);

fscanf(Fpirin, “%f,%7,%f,%f, %1, %!",
&P[1],&Pf2],8P[3},&P[4],&P[5],8P[8]);

fprintfFEptroutt, "InvKin %0.3f,%0.3f.9%0.3f,%0.3f,%0.37,%0.3f",
PI11,P[2],P{31,PI4],FIE].Plel):

F(strnemp(cmn3, "SHOME?, 1) == SAME)
fprintf(FpirOut1, "MoveHome'n");
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}

PMOVE NEAR (x.y.x.yaw,pitch,iall,"} by z*/
if(strmemp(emndz, "NEAR", 4) == SAME)
{ — . '
fscanf(Fptiritl, "%("ambj;
fseanf(Fptrint, *%1s"arh);
fscanf(Fptrint, 96§ %1, %, %1, %, %1,
&P[1],&P{2],&P[3].&P[4],8P{5],4PIE]);

fscanf(Fpirint, " %s",art},
HndEIbShid(arh);

fscanf(Eptrin, “%s %P, arb,8P[T:;
forintFFRrOut?, "Invicin  90.3F,2%0.5F,%0.31,%0.3,%0.31 %0.30",
' PI"] P12}, PI31+PI7],PI41.PISLPIS])

/MOVE RELATIVE {x,y.2)*/ i
if(stencmp({cmnd2, "RELATIVE", 8) == SAME)
{
fseanf{Fptrint, "%{r]" arb);
fscanf(Fptrind, *(%%f,%f, %", &P[‘II,&P[Z] &P[S]),
fprintf(Fptrout1, "MoveRa| %0.3f,5%0.3f,%0.3f\n",
P1),PL2],P{3]:
PMOVE AWAY n ¥
ligstnemp{emndz2, "AWAY", 4) == SAME)
{ _ :
fscanf(Fptrin1, "%, &P[7])
fprintf(FptrOut1, "MoveAway %0.3An",P[7]);
} S
}/*end of MOVE commands*/
if(stmemp(cmnd, *CLOSE”, 5) == SAME)
;Scanf(FptrIn1‘ "%s", cmnd2);
if(stmemp(cmndz2, "HAND", 4) == SAME)
. { ; |
© fprintf(FptrOutt "AfignToolCube\n");
ferntf{FptrOut1,"PosCubein”);.

fprintf(Eptrout!,*CloseMandin");
}
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If(stmemp(omnd, "OPEN', 4) == SAME)
{ ' .
fscant(Fptrint, "%s", cmnd2); . :
‘f{strnemp(emnd2; "HAND", 4) == SAME)

q . :
fprntf(FptrOutd,"AlignToolHole\n™;
fprntfFptroutt "PosHolein™);
fprntf(FptrOutt,"OpenHand\n");
1 '

. I* 4 Ly . . _._.-L'.‘_“-
redundant function

" USAGE

hand,slbow,shoulder condition

INPUTS o : - QUTPUTS

*
HndElIbShld(char string[})

{ . _ :
if(stremp(string,"ELBY)",3) == SAME) /*hand,elbow,shoulder condition®/

{ .
PrntfC"ELB 277\
} .

P' ,. TN e e
void Modify(void)

© USAGE

the WS3 track file cannot be transisted direstiy as the tool needs to
be aligned accurately with the cube or hole bafore the hand opens or
closes

INPUTS . OUTPUTS
dummy.ixt file ws3trk.c file which can be run directly
s
* yoid Modify(vold)

{
Fptrin2 = fopen('c:\inasters\iproj\dummy.ba", )
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FptrOutZ = fopan{c:\\mastersWiproitwsac. irk™, "w+;

StoreStringsQ;
FndHndCmnds);
WriteFila();

: fcinse(FplrInz);
. fdlose(FpirOut2;
oy

Ry \
void StoreStrings(void)

USAGE

copy fie strings in dummy.txt into memory

INPLITS - OUTPUTS
dummy.ixt nons

'*[

vold StoreStrings(vold)
{

it k=0,1=0,Flag=FALSE;

while(Flag==FALSE)

{ . _
fscanf(FptrinZ, "%s”, textil);
If{stricmptextfl],"*end*",7) == SAME)

Flag=TRUE;
Totalstrings=I;
2

}

}
Pl

void FndHndCmnds(void)

USAGE . :
find the commands to open or cfose the hand m dummy.txt

INPUTS
the strings stored in memory

OUTPUTS _ _
the number of the string contalning a command to open or close the
hand - _ -

i 37
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void FndHndCmnds{void)
N - .

inti;
for(i=Totalstrings;>=1;i-)
{ .
if(stmcmpue;dn,'o;aennand" 8) == SAME)
ChnglnvKin{l);

ifistroemptext(i, "CloseHand“.QJ == SAME)
Chnglanln( ik
}

}

” .
void ChnginvKin(int K} -

USAGE -
-- afigns the tool in the Z plana, compenzatng for the rotatiorn of axes
tand 5

INPUTS
whether we are looking for the cube or hole centre of area

OUTPUTS .
the X and Y differences between the tool certre and cubs/hole contre n
robot base coords which Is then passed on to inverse kinematics

*
void ChngInvKingnt k)
int ' h, margln=‘2b0;
fioat p1,p2,p3,p4,p5,p6;
for(h=k;h>=1;h~)
{
istmompftexifh],"InvKIn" 6) = SAME)
sscanf(textfh+1], "3F,%1,9%7,%F,.%f, %" &p1,&n2,4p3, &p4 &p5, &pa).
p3+=margln,
i=spAntitextfhe1], *%0.3f %0.3,%0.31,",p1.p2,p3);
jresprintf(textfh+1)+}, *%0.3f,%0.3f, %0.37", p4, p5,p8)
break;
} . .
if(stmemp(texd[ii],"MoveRel",7) == SAME)

A
sscanf(textfh+11, "%, %f % &m ,&p2,&p3);
ii(psl=0) :
{
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p3+=margin;
= spl'lntf(te;d[h-l-‘ll, "%0 3§, %0, 3f %0, 3i“,p1,p2 p3}
}
hreak,
-}
¥

f¥ ks
yold WriteFlie{vold)

USAGE
writes the modified flle to a text ﬁle

INPUTS ' QUTPUTS
the modified strings. - WS3trk.c

o ceren

void WiiteFila(void)

{
intf;

for(i=0;i<=Totalstrings;l++)

1 .
H(stmemp(text]l],"invKin",6) == SAME)
streat(texti+1],", TRK4');

forintfFptrOw2, textil]);
fprintf(Fptrout2, "“n'");

iff==0 || l==Totalstrings-1)
TErmE(FpIrout2, "n;
"}
}

b
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'A_"P_PENDIX 3

The Deﬁavit-l—lartenbg_[g Principle For Mathematicallx Representiss
A Rohot : '

1.

10.
11,
12.

13.

14.

-Number the joints from 1 to n starting with the base and endlng with the
tool yaw, pitch and roll in that order;

Assign a right-handed orthonormal co-ordiri_ate frama Lo 'to the rebot
base making sure that 2° aligns with the axis of joint 1. Set k=1;

~ Align 2* with the &xis of joint k+1;

Lacate the origin of L at the intersection of the #* and 2 axes. If they
do not intersect, use the intersection of Z* with a common normal
between z* and z"'

Select x" to be orthogonal to both 2 and 2", If 2* and z"' are paralle!
point x* away from 2!

Select y* to form a right handed orthonormal co-ordinate frame Ly,
Set k=k+1. If k<n go fo step 2; eise continue; |

Set the origin of L., at the taol tip, Alih 2" with the approach vecior, y",
with the sliding vector and x" with the normal vector of the toal, Set k=1;

Locate point b at the intersection point of the ¥* and z*?! axes. If they do
:kot 1ntersect use the intersection of x* with & common normal between
and z

Compute #, as the angle of rotation from X*’ to X* measured about 2"

Compute dy as the distance from the origin of frame L4 to point by
measured along z

Compute a, as the distance from point b* to the arigin-of frame Lk
measured x*

Compute a, as the angle of rotation from z*' to 2 measured about x*;

Set k=k+1. If k<n, go to step 8; eise stop.
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-APPENDIX 4

List of Hardware A_ndﬁ Manufacturer’s Detai_ls

1

2
a
4

o

A 388X PC with 8Mb RAM and a 420Mb Hard Drive;
 An Eagle Technalogles PG 30 AtoD card;

An Eagle Technologles PC 26 relay card;

A custom built motor control card with flve off LM628 motor control )
chips; .

Workspaca Verslon a, Robot Simulation Package.
A Video Blaster frame grabbing card (manufacturer's detalls follow);

A "Chipper* CPT8950P CCD with 542H x 582V pixels
{manufacturer's detalls follow) and

A Honeywell Ultrasonic Distance Sensor Model 940-A4V-2E-1C0

(manufacturer's details folfow).
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INTRODUCTION

- WORKSPACE 3.0 is a complex and comprehensive modefling and simulation tool, For the -
beginner this complexuty can be a dauntmg obstacle on the road leading to the first tentative
learning expenenues This ' HOW TO ......" manual is designed fo enable the first-time user to
get to grips with WORKSPACE 3,0 with minimuwm effort and maximum enjoyment. A series
of simple exercises puide the user through the wide ranging capabilities of WORKSPACE 3.0,
Each exercise illustrates one o more of il features of the package. Explanations of both the
terminology used and technical fatures are included as appropriate. Exercises often utilise the
'top down' approach whereby global features are examined before details are considered. An
advantage of this method is that when the more complex or obscure featuses are encountered
they fit easily into context. =,

1t is recommended that the beginner follows the 'HOW TO .... * exercises in sequential order,
i.e. working from exercisa 1 1o exercise 10. Alier gaining some expenence individual exercises
may be chosen to brush up on a particular topic as and when required.

An accompanymg REFERENCE MANUAL gives precise detalls of all WORKSPACE 3 0
features,

SYSTEM REQUIREMENTS

WORKSPACE 3 .0 will run on any 1BM comnatible 286, 386 or 436 PC, However maclunes
wilh less than IMB of RAM must use the the special WS3IUNPRO.EXE in place of the
WS3.EXE iile. Purchasers should inform Robot Simulations Lid, if they intend to run
WORKSPACE 3.0 on 286 machines. For (lis manual it is assumed that the user-has a
niinimum machine conliguration of a 386 SX with 2MB of RAM and a Microsoft compstible
mouse. If you do not have & mouse the arrow and retun keys may be used to exccute
commands. '

Please nc*e that WORKSPACE 3.0 will not run without a DONGLE. (A dongle is & smal!
electronic key which plugs into the parallel printer port ou the back of the computer.) An
appropriate dongle is supplied with each purchased licence of WORKSPACE 3.0,

WORKSPACE 3.0 has been extenstvely tested and ‘debugged' prior t2 release, However it is
inevitable that a package of this complexity will have minor bugs which have not come fo light
during the rigorous testing. Users who experience any difliculties should contact!

Robot Simulations Lid.,

Lynnwood Business Centre
Lynnwood Terrace,

_ Newcastle Upon Tyne,
NE4 6UL
ENGLAND
Tel: +44 (0)91 272 3673

Fax: +44 {0)91 272 0121

Getting 1o Grips with WORKSPACE 3.0, Release 2 ' Page 4
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Video Blaster SE1N0 lr designed to

. be a vides averlay and capture
board for uyers. It intogeatos video
images from a wide range of
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Video Blaster SE100 alfows a user to
uverisy live video on the PC, The
overlay window <an be resized .
any size ug to full screen. it alfows
user to create interactive and
stunning multimedla preseatation,

© VIDEQ FEATURES

Video Acguisition

¢ Software selactdile viden woune Fom
2 componite ae | SViden Input
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sl PALCL

Vided Overlay

o Dveray e video on VGA
1esizable windaws

» Chroma keying on selocted color m

© YUV domain

Frama. G?ibbing Function
o Capture high quality sngle Eames
s Suppurly BMP, TIFF, GiF, MMP, PUX,

T A we DL

Imge mmfpulat}on
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HARODWARE SPECIFICATIONS

Input
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v | SVider cannector tor S Viden nput -
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Addifionsl Featurss
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lunitation. 0 alvs atlows Doth Moemary
ar 0 mapping.

» Priot divcetly to prinker in enlor o
W

* liyain driver suppait

VGA Compatibiliy

Wichus Baster STHID iy dusigned to sugpot
up In PROORANG 2456 colors SVGA di}pL‘lf
wiamiard which incorporates o fealune
conbpctl, Clivck with you respecine
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+ Salyect w0 VA vand pad
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Shuttle Type Auto ESC
Solid State CCD Cameras

' New Pmduat mfroductron

Model: CPT8950 Series
CPT8950P Series

- 113 inch Format CCD Imaye Sensor
CPT8950: 542H x 492V Actlve Pixels

. CPT8950P: 542H x 582V Active Pixels
- Full Performance and Resolution

- Excellent Sensitivity _

- Minimal Blooming and Transfer Smear

~ Signal-to-Neoise : 46 dB Typical

« No Geometric Distortion

- Built-in Auto. ESC,

- Line-Lock with V. Phase Ad]dstment on
- AC Models (Switching Power)

-12 VDC and 24 VAC Type

- System
CPT8950 : EIA R$-170
CPT8950P : CCIR

Sp_ecifications -

- imager GCB Irnage Sehsor: 1/3-inch image format.

CPT-8850: 5421 x 492V active plcture efemenis.
CPT-8950P: 542H X 582V aclive picture elements.

Sensitivity (2856 K) Scenes 0.01 fo (0.1 Lux).
Horizontal Resoiution 420 TV,

" Signal-to-Nolse 46 dB Typical,

Gray Scale Al least 10 steps,
Video Output 1.0 V p-p, 75 ohm.

Electronic Shutter
Aulomaltic Electronic Shulter CDntrol(ESC).
Range : 1/60 - 1/30,000

Gamma Correction 0,45, -

Geemetric Distortion None.

Lens Mount "CS" mount; “C" mount with adapler.
Camera Mounts 1 !4“—20. top and bottom.

Synchronization

Line-Lock: Synchronizes camera lo power line zerg
crossing for rall-free vertical interval swilching. Line
phiase can be externally adjusted (continuously) to
allow vertical synchronlzation in multiphase power
Installation.

Rear Connectors

Video out: BNC

Power 24 VAC Type - Screw terminals.
12 VDG Type : DC jacket.

Controls
Flange Focus.
Phase Adjusiment.

Dimensions and Weights
125 % 65 x 48 mm - 3109

Temperaturg
Operaling: -20 lo +55 °C,
Storage: -30 to +70 °C,

Humidity 0 (o 85% relative, r'iun—cdndensing.
Vibration 3g swent sine wave, 15 to 2000Hz.
Shotk 50g, 1tms, 1/2 sine.

Type

Model P.5. Line-Lock
CPT8950 12 vDhe wlthout
CcPTag50/L.24 24 VAC with
CPT8s50P 12VDC withoul
CPT8950PIL24 24 VAC wih

Note

We reserve lhe right 1o change the deslgn and
specification without noticea,
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APPENDIX 5

Finding The Target Centroid And Orieutation

no

N o A W

Finding The Centroid _ :
Find the top, bottom, left and right edges;

Calculate the position of the X centre of the target for sach of the n rows
~ which have left and right edges, Call the result X; '

-Add all the X; for i=1 to i=n call the result Xuu;
Divide Xium by n, call the result X;
'. Xis the positiun of the targe_t‘s centroid in CCD co-ordinates;
“Repeat for the top and bottom edges to find Y and

The target's X and Y position of the centrold has now been found in -
CCD co-ordinates in pixels. :

Finding The Orientation .
Find the top, bottom, left and right edges

. Find the target's oentroud

Calculate the distance between each edge and the centroid using
Pythagorous’ theorem and store the results in an array called Dist[n].
Dist[n] keeps a record of where on the boundry the edge was found;

Sort array Dlst{n] in order of distance, greatest distance to least,

- The cube and square hole both have 4 sides and therefore the distance

between the corners will be at the top of the array Distin] . Therefore
selact the first 4 entries of Distn] as the corners with the condition that
the distance between them must be greater than half the width or height
of the cube to prevent error;

Using simple trigonometry calculate the angle between the 4 comers
with respect to the CCD y axis and average the results in order to find
the angle the target makes with the CCD y axis;
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7. Multiply this result by the CCD's aspect ratio and
8. Rotate the_t_ool by this value.
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