
MEKATRONIX™
ROBOBUG™ EDUCATION MANUAL

09/21/99

Gainesville, Florida www.mekatronix.com Technical questions: tech@mekatronix.com

4

TABLE of CONTENTS
1. SCOPE .........................................................................................................................7
2. KNOWLEDGE PREREQUISITES.............................................................................7
3. STRUCTURE OF THIS MANUAL............................................................................8
4. INSTALLING YOUR ROBOBUG™ EDUCATION SOFTWARE ..........................8

4.1 New ROBOBUG Distribution Libraries............................................................................. 8
5. INSECT AND OTHER HEXAPOD GAITS...............................................................9

5.1 Leg Designation ................................................................................................................ 10
5.2 Gait Pattern Diagrams....................................................................................................... 10
5.3 Gaits as Swing Permutations ............................................................................................ 11
5.4 Tripod Walk ...................................................................................................................... 11
5.5 “One Leg at a Time” Metachronal Wave ......................................................................... 12

5.5.1 “Two Legs At A Time” Metachronal Wave ............................................................. 13
5.5.2 The Oar Gait ............................................................................................................. 13

6. STATIC STABILITY OF A GAIT ...........................................................................14
7. DYNAMIC STABILITY OF A GAIT ......................................................................15
8. ROBOBUG™ LEG MECHANISM AND STEP CYCLE........................................15

8.1 Step  Cycle ........................................................................................................................ 16
8.2 ROBOBUG Leg  and Servo Numbering .......................................................................... 17

9. ROBOT CONNECTIONS DURING PROGRAM DEVELOPMENT.....................17
10. ROBOBUG™ EXPERIMENT SUMMARY ............................................................18

10.1 Leg Experiments ........................................................................................................... 18
10.2 Bug Pose Experiments .................................................................................................. 19
10.3 ROBOBUG™ Marching in Place................................................................................. 20
10.4 Forward, Backward and Turning Gaits for ROBOBUG™........................................... 21

11. ROBOBUG LEG EXPERIMENTS...........................................................................22
11.1 Leg Experiment 1.......................................................................................................... 22

11.1.1 Experiments with legx1.c .................................................................................... 23
11.2 Leg Experiment 2.......................................................................................................... 24

11.2.1 Description of ROBOBUG™ Library Function bugservo() .............................. 24
11.2.2 Experiments with legx2.c.......................................................................................... 25

11.3 Leg Experiment 3.......................................................................................................... 25
11.3.1 Experiments with legx3.c.......................................................................................... 26

11.4 Generate a Step Cycle ................................................................................................... 26
11.5 Multiple Leg Lift, Static Stability, and Swing Experiments......................................... 27

12. ROBOBUG™ POSTURES .......................................................................................28
13. ROBOBUG™ MARCHING IN PLACE ..................................................................31

13.1 Solution Sketch of  the One-Legged Metachronal March in Place (march1.c) ............ 31
13.2 Two-Legged Metachronal March in Place (Solution: march2.c)............................. 33
13.3 Oar Gait March in Place ............................................................................................... 34
13.4 Tripod March ................................................................................................................ 34

14. PROGRAMMING ROBOBUG™ GAITS................................................................35
14.1 Transformation of Gait Swing Sequences into Leg Phases .......................................... 35

14.1.1 Leg Phase Calculations ............................................................................................. 36



MEKATRONIX™
ROBOBUG™ EDUCATION MANUAL

09/21/99

Gainesville, Florida www.mekatronix.com Technical questions: tech@mekatronix.com

5

14.2 Walking Forward .......................................................................................................... 38
14.3 Walking Backward........................................................................................................ 39
14.4 Turning.......................................................................................................................... 39
14.5 A GAITS DEMO PROGRAM ..................................................................................... 40
14.6 Input Gait Parameters to a General Walking Program ................................................. 40

15. FURTHER STUDY...................................................................................................44
16. ROBOBUG™ SOFTWARE REFERENCE       (IVAN ZAPATA COAUTHOR)..45

16.1 Overview of the ROBOBUG™ Software Library........................................................ 45
16.2 ROBOBUG™ Control and Walking Functions............................................................ 45

16.2.1 Walking controller .................................................................................................... 46
Parameter Definitions ........................................................................................................... 46

16.3 Servo Control Functions ............................................................................................... 47
16.4 Calibrating the Legs...................................................................................................... 48

Leg Lift-Servo....................................................................................................................... 49
Leg Swing-Servo .................................................................................................................. 49

16.5 Other Macro / Symbol Definitions ............................................................................... 49
16.6 Analog Port Routines.................................................................................................... 50

LIST of FIGURES
Figure 1. Hexapod legs labeled according to the ROBOBUG™ convention. The arrow on the

body points towards the head. The first letter stands for L, left, R, right and the second letter
for F, front, M, middle, R, rear. ............................................................................................ 10

Figure 2. Tripod gait pattern of a hexapod walking versus time. The black bars indicate the
stance phase, where the foot is on the ground. The gaps between the stance phase indicate
the foot is off the ground and swinging. ............................................................................... 11

Figure 3. The tripod walk used by ants and other insects for fast and efficient walking is both
statically and dynamically stable. ......................................................................................... 12

Figure 4. A single-leg metachronal gait swings each leg in sequence, from back-to-front, first on
one side and then on the other. The red colored leg indicates the leg currently swinging off
the ground. The black legs indicates the stance phase for that leg. If you reverse the arrows,
you will get another metachronal wave pattern from front-to-back. .................................... 12

Figure 5. A single-leg metachronal gait that swings legs on alternating sides, from back-to-front,
first on one side and then on the other. The red colored leg indicates the leg currently
swinging. If you reverse the arrows, you will get a similar gait. .......................................... 13

Figure 6. A two-legged metachronal gait swings two legs at a time and consists of two
simultaneous single leg metachronal patterns out of phase by five leg positions. ............... 13

Figure 7. A two-legged gait that swings the four contralateral outside legs metachronally,
alternating with an oar sweep by the contralateral middle legs. ........................................... 14

Figure 8. The double metachronal wave illustrating, respectively, the front, center and back
positions of the RF, RM, LR, LM legs during the stance phase. If the center of mass falls
within the intersection of the three parallelograms, then hexapod is statically stable at all
times during the motion. The rectangle formed by the two blue lines and the sides of the
hexapod indicate where the center-of-mass must fall for a statically stable stance phase. .. 14



MEKATRONIX™
ROBOBUG™ EDUCATION MANUAL

09/21/99

Gainesville, Florida www.mekatronix.com Technical questions: tech@mekatronix.com

6

Figure 9. Elevated view of ROBOBUG™ showing the rear legs in center position for both the
lift-servos and swing-servos. During calibration, position the legs as shown and then take
the reading of the center position of each lift-servo and swing-servo center position. ......... 16

Figure 10. This diagram illustrates the ROBOBUG™ leg numbering and naming scheme and
identifies the corresponding servo numbers for each leg. The lower numbered servo moves
the leg up and down while the higher numbered servo swings the leg back and forth. The
direction of the arrow indicates the front of the robot as you look down from the top. ....... 17

Figure 11. Source Code listing of legx1.c..................................................................................... 22
Figure 12. This program lifts the right front leg for 3 seconds, puts it back down and 3 seconds

later “relaxes” the legs. ......................................................................................................... 24
Figure 13. A program to lift the front right leg up and down four times...................................... 25
Figure 14. This program swings the right front leg for 1 second and then back for 1 second

without lifting it up. .............................................................................................................. 26
Figure 15. A gait pattern diagram representing a single step cycle for the right-front leg with the

other legs on the ground. The dashed line represents the swing phase and the solid bar the
stance phase of the front-leg during the single forward step. Note, this is not a walking
pattern. The other legs just stay on the ground in the program example.............................. 26

Figure 16. A program that generates a single step cycle for the right front leg............................ 27
Figure 17. A program that lifts the two front legs at the same time. ............................................ 28
Figure 18. A program to cause ROBOBUG™ to rear up its head and lower its back side in a

defensive posture. ................................................................................................................. 29
Figure 19. The program sketch indicates how to program ROBOBUG™ to sequence its legs in

the one-legged metachronal pattern without the stance phase.............................................. 33
Figure 20. This program allows you to implement various gaits on ROBOBUG™.................... 39
Figure 21. This general purpose gait program allows you to input the 10 gait parameter through a

serial port. ............................................................................................................................. 43
Figure 22. This portion of the calbug.h file defines three positions for the right-middle leg

servos, servos 6 (lift servo) and 7 (swing servo). Two of the values indicate the extremities
of motion and a third an intermediate value dictated by the leg structure and desired motion
pattern. .................................................................................................................................. 48

Figure 23. Elevated view of ROBOBUG™ showing the rear legs in center position for both the
lift-servos and  swing-servos. During calibration, position the legs as shown and then take
the reading of the center position of each lift-servo and swing-servo center position. ......... 49

LIST of TABLES
Table 1. Directories in buged01................................................................................................... 8
Table 2  Step Cycle Phases ........................................................................................................... 16
Table 3. Leg Experiments (Section 11) ........................................................................................ 19
Table 4. ROBOBUG™ Postures (Section ).................................................................................. 19
Table 5. ROBOBUG™ Marching in Place................................................................................... 21
Table 6. ROBOBUG™ Forward Gaits ......................................................................................... 21
Table 7. ROBOBUG™ Forward Gaits ......................................................................................... 35


