
6.111 Final Projet ProposalAlex Hornstein11.3.2005One of the greatest obstales in human/mahine interation is the om-muniation barrier. We, as humans, speak a di�erent language from ma-hines. In the past, we have overome this barrier by inventing languagestrutures suh as programming languages, whih allow us to speak in a �-nite voabulary that is easily translated into mahine language. The problemwith this is that it requires anyone who wants to ommuniate with omput-ers to learn and be familiar with programming languages and onepts. Weompromise by having programmers write user interfaes intended for mostusers, so they an use the omputer without 'speaking it's language.' Thisallows people to use a omputer, but only to the level of omplexity that theprogrammer designs the interfae, and so there are some intrinsi limitationsin this system.This projet will reate a new language struture that is more intuitivefor humans to use. Users will use gestures to desribe a path for a robot totake, as well as onditional reations for the robot(i.e. go straight. If you hita wall, turn left. Otherwise, keep on going straight). An FPGA will inter-pret these gestures using a video amera, and then diret a physial robotaording to the user's instrutions.In this projet, an analog olor amera will be pointed at a user. Theamera will output a NTSC omposite signal to the FPGA, whih will in-terfae to it via the onboard ADV7185 video deoder. The FPGA will trakthe user's gestures by traking a �nger, whih will be uniquely olored, andstore the set of (x,y,t) triplets in RAM. It will also identify gestures signifyingonditionals, and then ompile the user's gestures and traed paths into asort of program, whih it will then \run" on a two-wheeled robot.The robot itself has two drive wheels and two balaning astors. Po-sition feedbak is given by an optial mouse mounted on the robot slightlyo� the oor, ommuniating with the FPGA via the PS/2 protool. Bat-teries are inluded on the robot, as well as a small H-bridge and a largerbrushed motor ampli�er for eah motor. The robot will be tethered to theFPGA (with lots of slak). Eah motor will only require two wires to ontrol.1



This projet is an implementation of a new onept for human/omputerinteration. Using this gesture language, someone ould easily reate a robotwith behavior suh as wall-following in a few minutes, rather than learninga new set of programming ommands and then writing equivalent ode forthe robot. By implementing it in harware, we an have a fairly sophistiatedsystem running on a single FPGA and a few interfae hips, rather thanon a full PC. This ould lead to a small, heap system that allows intuitivegesture-based programming, that an be added on to existing robot systems.
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Figure 1: Blok diagram of the systemThe basi system, as outlined in the blok diagram above, is very sim-ple. The amera A/D module has already been implemented and is avail-able on the ourse website. All the �nger traker module must do is gothrough a frame and average the positions of all points that are a targetolor/brightness. This average is taken to be the position of the �nger ata given time. It then stores the set of (x,y) points in memory. When it isno longer in reord mode, the playbak module will 'playbak' the points byassuming the robot is at 0,0, and direting the robot to the next stored pointin memory, using losed/loop feedbak from the PS/2 mouse. The PS/2interfae module is also already written, and is available on the ourse site.The motor ontrol module is just a wrapper module that takes ommandssuh as 'forwards' or 'left' and translates them into pin-level signals for themotor ampli�ers .
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1 modules1.1 Camera A/DThe bulk of this ode is already written. A module available on the ourseweb site interfaes with the ADV7185 video deoder hip, returning a streamof YUV values for the urrent san point in the amera's frame. It also returnshsyn and vsyn signals.1.2 Finger TrakerThis module takes in two 10-bit data signals from the amera A/D module,as well as two one-bit hysn and syn signals, a 'reord' button from thelabkit, and a 27mhZ lok. When 'reord' is pressed, the module keeps arunning average over one frame (one vsyn) of the amera of the x,y posi-tions of all green points in the amera �eld, and outputs the two 10 bit x,ypositions, as well as a 9-bit memory address. It updates the address at asample rate of 2Hz, taking a maximum of 512 data points.1.3 MemoryThe memory an be fairly small, spei�ally, a blok of RAM 20 bits X 512.The RAM bloks within the FPGA are suÆient.1.4 PlaybakThe playbak module takes in two 10-bit data signals from the memory,two 8-bit delta x,y signals from the PS/2 module, and a 'playbak' buttonfrom the labkit. It outputs a 3 bit high-level ontrol signal to the MotorControl module. The Playbak module is responsible for examining a pathin memory and rereating it on the physial robot, when the playbak buttonis pressed.The module essentially runs the algorithm:� Load the x,y values from the urrent sample point� If robot's urrent x,y values are not equal to the values from mem-ory, output proper ommand to motor ontrol module (forward, bak,left,right) 4



� Add deltaX and deltaY from the PS/2 module to the robot's X and Yvalues, and repeat� If the robot's X,Y values are equal to the values from memory, inre-ment the memory ounter, and repeat.1.5 PS/2The PS/2 module is already written and is available(for a keyboard) on theourse site. I will have to modify it for a mouse datastream, whih is three11-bit frames. The module will output two 8-bit values for the hange in Xand Y sine the last update, as well as a 1-bit value to signify an update ofthe data values.1.6 Motor ControlThis module is essentially a ROM. It takes in a 3 bit enumerated value forforward, bak, left, right, stop motion ommands, and outputs two four-bitvalues to the left and right motor H-bridges that orrespond to the desiredmotions
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Figure 2: Blok diagram of the more advaned systemA more advaned system would implement a gesture reognizer, whihwould look at the amera frame simultaneously with the �nger traker, toreognize gestures for onditional expressions, et. There ould also be amodule whih would display the urrently stored points on a VGA monitor.Finally, a simple sensor, suh as a bump sensor, ould be implemented onthe robot, to allow for evaluation of onditional statements entered by theuser.
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2 advaned system modules2.1 MemoryThe memory an be fairly small, spei�ally, a blok of RAM 21 bits X 512.The additional bit stores information about onditionals, whih is generatedby the gesture reognizer module.2.2 Gesture ReognizerThis module takes in the same amera signal that the �nger traker does,and maintains the same memory ounter, o�set by 20 bits. It outputs a 1bit data bit and a 9 bit memory address. It also looks through the ameraframe, but for a di�erent pattern, suh as a blue and red square, whih ouldsignify a onditional, at whih point it would output a 1 as its data bit, tosignify a onditional, and it would be stored in memory along with the X,Ysample.2.3 Sreen OutputThis module goes through the urrent sample points and outputs the pointsto a VGA module to display them on a omputer monitor, for debuggingpurposes.2.4 VGA moduleThis module is already written. It was part of the pong lab.2.5 Playbak ModuleThe playbak module now takes as an input a bump sensor from the robot.If the sensor registers a bump, it will then follow the points with a onditionalbit set, otherwise it will follow the points without a onditional bit.
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3 ImplementationThe robot is already built. I would like to implement ontrol starting withlow-level modules and working up. I would like to �rst built the PS/2 andmotor ontrol modules, and test open-loop feedbak, using buttons on thelabkit for ontrol, in plae of the playbak module. I would then like toimplement a playbak module that an do losed-loop feedbak based on apreset list of points in a rom. Then I would like to add a memory and buildthe �nger traker module, as whih point the sreen output module will beinvaluable for debugging purposes. Then, I would like to add the gesturereognizer module.Testing this system is fairly straightforward: If the robot goes to points theuser sets, the system works. Later, one the gesture reognizer moudle isbuilt, if the robot follows a user-de�ned 'program,' it is working.
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