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 Rob otics expe riment with PIC m icroc ontrollerl1
 Robotics experiment withPIC microcontrol ler
 based-on Robo-PICA robot kit
 3rd Edition
 (C) Innova tive Experiment Co.,Ltd .
 INNOVATIVE EXPERIMENT
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 C o n te n ts
 C ha p te r 1 Pa rt list o f Rob o- PIC A a nd Introd uc e so ftw a re too ls..... .. .. .. .. ..5
 1.1 Robo-PICA pa rt list
 1.2 Hand tools for ma king rob ot kit
 1.3 Softw are d eve lop ment tools for Rob ot prog ramm ing
 C ha p ter 2 RBX- 877V 2.0 Rob ot C on trolle r bo a rd ..... .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..25
 2.1 Tec hnica l features
 2.2 Circuit description
 Ac tivity 1 : Write p rograms for testing RBX-877 V2.0 Controller board 
 C ha p te r 3 Build ing Rob o - PIC A kit..............................................................35
 Activity 2 : Make the Robo-PICA
 C ha p te r 4 Sim p le rob ot ’s p rog ra m m ing c on tro l... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..45
 Ac tivity 3 : Simp le moveme nt c ontrol 
 Ac tivity 4 : Speed control of Rob o-PICA
 C ha p te r 5 C on ta c tle ss ob je c t d e tec tion .... .. . .. . .. .. . .. .. . .. . .. .. . .. .. . .. . .. .. . .. .. . .57
 5.1 PIC16F8875s A/ D c onve rter
 5.2 ADC registe r
 5.3 ADC c onfiguration
 5.4 A/ D Conversion p roc ed ure
 5.5 GP2D120 : 4 to 30cm. Infrared distance sensor
 Ac tivity 5 : Rea ding the Ana log signal 
 Ac tivity 6 : Testing GP2D120 
 Ac tivity 7 : Conta c tless ob jec t d etec tion robo t 
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 Rob otics expe riment with PIC m icroc ontrollerl3
 C ha p te r 6 Line fo llow ing m ission..............................................................71
 6.1 Infrared reflector sensor
 Activity 8 : Reading the Line tracking sensor 
 Ac tivity 9 : Moves follow the b lack line 
 C ha p te r 7 Re m ote c o ntrol e xp e rim e nt..... .. .. .. .. .. . .. .. .. .. .. .. .. . .. .. .. .. .. .. .. . .. .. .79
 7.1 38kHz Infrared receiver module
 7.2 Infrared remote control 4 channels
 Activity 10 : Reading Remote control data 
 Ac tivity 11 : IR control Rob o-PICA’s movem ent 
 Appendix A : Activating the License Key
 o f m ikro C c o m p ile r................................................................87
 E mikroC is registered trademark of mikroElektronika (www.mikroe.com).
 PIC and PICkit2 TM  a re reg istered trad em a rks of Mic roc hip Tec hnolog y 
 (www.microchip.com).
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 Robotics experiment with PIC microcontrollerl5
 C ha p te r 1Pa rt list o f Ro b o - PIC A a nd
 Introduce software tool
 1.1 Ro b o - PIC A p a rt list
 There a re 2 groups :
 1.1.1 Mechanical parts
 1.1.2 Electronic parts
 1 .1 .1 M e c ha nic a l pa rts
 M o t o r G e a r b o x  – Uses
 a 4.5V (9V max.) and
 180 mA DC motor with
 a ratio of 48:1; torque
 4kg/cm; comes w i th
 the mounting.
 M a ny sizes of Sc re w a nd
 N ut
 (Sc rew : 3x6mm.,3x10mm.,3x15mm.,3x25mm. and
 3x35mm., 3mm. nuts), Flat
 hea d sc rews and Thumb
 sc rew s.
 S e t o f P l a s t i c S p a c e r s
 (length : 3mm., 15mm.
 and 25 mm.)
 He x Stan d offs : 3x30mm.
 Track wheel set - includes 3-
 leng ths of Track wheel, many
 support wheels and
 sprockets, axels and shaft
 bases
 The Plate se t and 4 - types
 of the c olor-m ixe d Pla stic
 J o i n e r (10 of Straight
 Joiner, 10 of Right-angle
 Joiner, 10 of O b tu se
 Joiner and 3/5/12 Holes
 straight joiners)
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 6lRobotics experiment with PIC microcontroller
 1.1.2 Ele c tro nic p a rts
 ZX-03
 Infrared Reflector
 (x2)
 ZX-01
 Switch inp ut
 (x2)
 ZX-IRM
 38kHz Infrared Receiver
 1.2 Tools for making the robot kit
 Cutter plierA sha rp -tipp ed
 hobby kni fe or
 Handy CutterPhilips Sc rewdriver
 C o m p u t e r
 Insta ll Wind o w s98SE o r
 higher and has both RS-232
 seria l port and Parallel port
 GP2D120
 4 to 30cm. Infrared
 Distance sensor
 ER-4
 Infrared
 Remote Control
 RBX-877V2.0 PIC16F887 Robot Experiment Board
 USB Programmer board
 with ICD2 cable
 USB cable
 4 of AA batteries
 (Rechargable battery is
 recommended
 - not include this kit)
 ZX - PO TH
 Potentiometer (x1)
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 Robotics experiment with PIC microcontrollerl7
 1.3 Softw a re d e ve lo p m e nt too ls for Rob ot prog ra m m ing
 The RoboPICA kit uses the PIC Mic rcontroller PIC16F887. Builders c an w rite the
 c ontrolled p rog ram in a ssembly, BASIC and C langua ge . Only BASIC and C prog ram
 language requires the use of a compiler software.
 However in this kit all examples are in C language with mikroC compiler from
 mikroElektronika (mikroE : www.mikroe .com ). The Rob o-PICA robot kit c an use this com -
 piler as well.
 The dem o version of Mikro C c om piler is used for this robot kit. Builders who nee d
 to develop the advance program will need to purchase the full version from MikroE at
 the ir web iste . The d emo version o f mikroC c an be do wnload ed f rom h t tp : / /  
 ww w.mikroe .co m. How ever in the Rob o-PICA rob ot kit, this softwa re is in the b und led
 CD-ROM. You must download the mikroC manual latest version from mikroElektronika
 web site. This build ing manua l does not desc ribe a ll the instruc tions.
 Ano the r one too ls is PIC m icroc ontroller prog ramme r sof tware. The Rob o-PICA
 provides a USB prog ramm er. Its func tion is c om patible Microc hip’ s PICkit2TM program-
 mer. The softw are can use PICkit2TM programming software. Free downlaod the latest
 version at www.microchip.com.
 1.3.1 m ikroC C om p ile r (De m o ve rsion)
 1.3.1 .1 Overview
 mikroC is a powerful, feature rich development tool for PICmicros. It is designed
 to provide the customer with the easiest possible solution for developing applications
 for embedded systems, without compromising performance or control.
 mikroC provides a suc c essful ma tc h fea turing h ighly advanc ed IDE, ANSI c om -
 pliant compiler, broad set of hardware libraries, comprehensive documentation, and
 plenty of ready-to-run examples.
 mikroC allows you to quickly develop and deploy complex applications:
 l Write your C source code using the highly advanced Code Editor
 l Use the included mikroC libraries to dramatically speed up the development:
 data acquisition, memory, displays, conversions, communications…
 Spec ial thanks : All informa tion about m ikroC Co mp iler and PICkit2 Programm ing softwa re are 
 referenc ed from owner web site a nd d oc umentation (www.mikroe.co m a nd w ww.mic roc hip.com ).
 Thanks for all free and op en-source d eve lope me nt tools. User who nee d the full fea tures of m ikroC 
 compiler can purchase on-line at www.mikroe.com.
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 8lRob otics expe rime nt w ith PIC m icroc ont roller
 l Monitor your program structure, variables, and functions in the Code
 Exp lorer. Generate c om me nted , huma n-rea dab le assem bly, and standard HEX c om -
 patible with all programmers.
 l Inspect program flow and debug executable logic with the integrated
 Debugger. Get detailed reports and graphs on code statistics, assembly listing, calling
 tree…
 l mikroE have provided plenty of examples for you to expand, develop,
 and use as building bricks in your projects.
 l In Demo version, hex output is limited to 2k of program words.
 1.3.1.2 Installation the mikroC compiler Demo version
 Download the latest version from mikroElektronika website; www.mikroe.com.
 Run the installation file. Addition, you must download the 5 of necessary documentation
 files about compiler manual, Creating First Project in mikroC for PIC, Quick Reference
 Guide for C language, Compilers IDE document and Obtaining and Activating the Li-
 cense Key.
 You can see all C syntax and all function details from the mikroC manual. In this
 manual would be describe about the robot activities only.
 1.3.2 PIC kit2TM
 Programming SoftwareThe PICkit™ 2 Mic roc ontroller Prog ramm ing softw are is c apable of prog ramm ing
 most of Microchip’s Flash microcontrollers. For specific products supported, see the
 README file or check with Microchip’s website.
 The fu ll fea tured Wind ow s p rog ra mm ing interfa c e sup p orts ba seline (PIC10F,
 PIC12F5xx, PIC16F5xx), midrang e (PIC12F6xx, PIC16F), PIC18F, PIC24, d sPIC30, a nd dsPIC33
 families of 8-bit and 16-bit microc ontrollers, and many Microchip Serial EEPROM produc ts.
 The PICkit™ 2 Microc ontroller Prog ramming software works with a PICkit2TM OEM
 USB prog ramme r. The USB prog ramm er is the in-system programming via ICD2 jac k.
 1.3.2.1 PICkit2 TM Programming Software installation
 1.3.2.1.1 Install from PX- 200 C D- RO M
 The working softw are of the USB programmer is PICkit2TM Prog ramm ing Softw are.
 The ne w e r version is d e ve lop ed from Mic roso ft .NET. Thus, use r mu st insta ll th e
 Microsoft .NET Framework first.
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 Robotics experiment with PIC microcontrollerl9
 (A ) Insta ll o f the M ic ro so ft .N ET Fra m e w o rk 
 First thing to do is to insta ll the Mic rosoft.NET Framew ork. Selec t from the
 folder PICkit 2 Setup v2.01 dotNETà
 dotnetfx in the bundled CD-ROM. Double-click atdotnetfx.exe file. After complete, install the PICkit2TM Prog ramm ing Softw are by double-
 click at PIC kit2Se tup.m si file. The softw are insta lla tion will sta rt.
 (B) M ic ro so ft .NET Fra m e w o rk is insta lle d re a d y 
 User c an insta ll the PICkit2TM Prog ram ming Softwa re by enter to folder PICkit
 2 Setup v2.01x in the bund led CD-ROM of Rob o-PICA kit. Doub le-c lick at PIC kit2Se tup.m si
 file. The softw are insta lla tion will sta rt.
 1.3.2.1.2 Insta ll fro m the inte rne t.
 Visit the Microchip website at w w w . m i c r oc h i p . c om  . Selec t D e v e l opm e nt t oo l s  
 webpage and enter to PICk i t 2 Programmer /Debugger    webpage.
 (A ) Insta ll o f the M ic ro so ft .N ET Fra m e w o rk 
 For user who have not insta ll Mic rosoft .NET Framew ork, they will need to
 install it first via downloading the file from topic PIC kit2V 2.01 Insta ll w ith .NET Fra m e - 
 work  . You will get the PICkit 2 Setup v2.01 dotNET.zip file (version number may vary).
 Extract this file and store it in the folder PICkit 2 Setup v2.01 dotNET. Enter to this folder
 and into the dotnetfx folder. Double-click at dotnetfx .exe file to start Microsoft .NET
 Frame wo rk insta lla tion. After this is c om pleted , insta ll the Pic kit2TM Prog ramm ing Soft -
 ware by double-clicking on the PIC kit2Se tup.m si file. THe software insta lla tion will sta rt.
 (B) M ic ro so ft .NET Fra m e w o rk is insta lle d re a d y 
 Users who ha ve Mic rosoft .NET Frame wo rk alrea dy insta lled c an d ow n-
 loa d the setup file from PIC kit2V 2.01 Install header. You w ill get file PICkit 2 Setup v2.01.zip
 (version number may be vary) Extract this file and store in the folder PIC kit 2 Se tup v 2.01 .
 Enter to this folder and double-click on the PIC kit2Se tup.m si file to start the software
 installation.
 After run the installation setup file ; PIC kit2Se tup.m si. Click on the accept button
 on each step and follow the installation progress until it is finished.
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 10lRob ot ics expe riment with PIC m icroc ontroller
 1.3.2.2 Using PICkit2 TM Prog ra m m ing Softw a re
 1.3.2.2.1 Te sting ha rdw a re c onne c tion
 (1) Connect the USB cable b etween the prog ramm er and Comp uter’s USB port.
 Open the software Pickit2TM Prog ramming Softwa re b y ente ring the Sta rt à All programs
 à Microchip à Pickit 2 V201. The ma in window will appea r as show n in figure 1-1.
 (2) On successful connnection, the message PICk i t 2 found and connec ted will
 appea r in the Sta tus box.
 Figure 1-1 : The screen of Pickiit2TM Programming Software
 Status boxCommand menu
 Progress bar
 Short cutbutton
 Inform thedestinationof HEX file
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 Robotics experiment with PIC microcontrollerl11
 (3) If the connec tion is inc omplete d. The m essage PICkit 2 not found. Check USB
 connections and use Tools à Check Communica t ion to re t ry will appea r in the Sta tus
 box. Check the cables and connections.
 (4) Go to Tools menu and select C h e c k C o m m u n i c a t i o n command. If all’s cor-
 rect, the message PICkit 2 found and connected will be show in the Sta tus box.
 However if everytime during re-connection or checking hardware, it does not
 c onnec t the ta rge t m ic roc ontroller at ICD2 jac k and ICSP point or any misma tc h in
 number, the warning dialog box will appear. It will warn you about any error supply
 voltage. You need not worry about this, click on the O K button to continue.
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 12lRob ot ics expe riment with PIC m icroc ontroller
 1.3 .2 .2 .2 Command menu descr ipt ion
 FILE
 • Im p ort File – Import a hex file for programming
 • Export File – Export a hex file read from a device
 • Exit – Exit the program (duplicated with the Quit button)
 DEVIC E FA M ILY
 • Ba se line (12-bit Core) – Configures the programming software for baseline Flash
 dev ices
 M id - ra n g e - Configures the programming software for 14-bit core flash de-
 vices. The dev ice s in this rang e inc lude PIC12F6xx and 16F6xx, 7x, 7xx, 8x, 8xx . When
 selec ted , softw are w ill chec k the c onnec tion ta rge t a t ICD2 and ICSP terminal. If found
 the correct device, device number will appear at Device line in Midrange Conf igura-
 tion box. Click the O K button to continue. For RBX-877V2.00 board would be use this
 group chip because the controller board provides PIC16F887; it is mid-range PIC
 microcontroller.
 • PIC 1 8 F - Configures the programming software for PIC18F core flash devices.
 • PIC 18F_J_  - Configures the programming software for PIC18FxxJxx  low voltage
 devices.
 • PIC24 - Configures the programming software for 16-bit core devices; PIC24FJxx.
 • dsPIC30 - Configures the programming software for 16-bit core devices; dsPIC30Fxx.
 • d sPI C 3 3 - Configures the programming software for 16-bit core devices;
 dsPIC33Fxx.
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 PROGRAMMER
 • Read Dev ice – Reads the program memory, data EEPROM memory, ID loca-
 tions, and Configuration bits.
 • Write Device – Writes the program memory, data EEPROM memory, ID loca-
 tions, and Configuration bits.
 • Verify – Verifies the program memory, data EEPROM memory, ID locations and Con-
 figuration bits read from the target MCU against the code stored in the programming software.
 • Era se – Performs a bulk erase o f the ta rge t MCU. OSCCAL and band gap val-
 ues are p reserved (PIC12F629/ 675 and PIC16F630/ 676 only).
 • B l a n k C h e c k – Performs a blank check of program memory, data EEPROM
 memory, ID locations and Configuration bits.
 • Ve rify o n Write - Verifies program memory, data EEPROM memory, ID locations
 and Configuration bits read from the target MCU against the code stored in the pro-
 gramming software with word per word.
 • Full Era se (O SC C AL a nd BG e ra se d) – Performs a bulk erase inc luding the OSCCAL
 and Band Gap (BG) va lues (PIC12F629/ 675 and PIC16F630/ 676 only).
 • Re g e n e r a te O SC C A L – Regenerates the O SCC AL va lue (o nly for PIC12F629/ 
 675 and PIC16F630/676). The AUX line must b e connec ted to the RA4/T1G p in.
 • Set Band Gap Cal ibrat ion Value – Sets the b and ga p value.• Write o n PIC kit Button - Set for supp orting of p rog ram ming the ta rge t mic roc on-
 troller witth PROG RAM switch on the USB programmer bo ard.
 TO O LS
 • Enable Code Protect – Enables code protection for Flash program memory.
 • Enable Data Protect – Enables code protection for EEPROM data memory.
 • Set OSCCAL - Sets the OSCCAL va lue for alignm ent internal c loc k freq uenc y.
 • Target VDD Source – Pow er ta rget from the USB Programme r.
 Auto-De tec t  : Selec t to USB prog ramm er turn on o r off the supply vo ltage
 to target microcontroller automatically (not suggess to use this option).
 Forced PICkit2  : Set the prog ramm er to supply the suitab le vo ltage to ta r-
 get microc ontroller. After selec t, LED at Targer position will light a nd a t VDD PICkit2 box
 on screen will check atr On position. User can adjust the supply voltage from selection
 box in the right -hand (not sugg ess to use this op tion).
 Forced Target  : Select to inform the softwa re knows ab out the ta rge t has
 voltag e a pplied . Suggess to use th is op tion fo r safty operation. Also in this op tion, user
 must apply the supply voltage to the target PIC microcontroller.
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 14lRob ot ics expe riment with PIC m icroc ontroller
 • Fast Programming - Selec t the PX-200 to prog rams the Flash device w ith high speed.
 • C h e c k C o m m u nic a tio n – Verifies c om munica tion w ith the USB Prog ramm er
 and reads the device ID of the target MCU.
 • Download PICkit 2 Firmware – Performs a dow nloa d of the USB Programme r
 firmware op erating system. (this USB programme r is comp atible PICkit2TM Programmer).
 Sometime c all this func tion to OS update.
 Help
 Displays all user manual, technical document and a dialog box indicating the
 version and date.
 1.3.2.2.3 Im p orta nt thing s to kn ow in using the PIC kit2TM
 Prog ra m m ing Softwa re
 Edit ing memory value
 The PICkit2TM Prog ramm ing Softw are supports the ed iting memo ry value in eac h
 address, both Flash program and data EEPROM memory. User can click at any address
 that need to change the value and input the new value directly.
 Moreover user can select to access both memory types and only one.
 (a ) Ac c e ss only EEPRO M da ta m e m ory
 Click at Enabled box in Program Memory border to remove the mark. At
 EEPROM data border, it will show Write and Read EEPROM data only in red message. It
 means user c an read and write only EEPROM data memo ry. See the illlustration b elow.
 -
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 (b) A c c e ss only Fla sh prog ra m m e m ory
 Click at Enabled box in EEPROM data border to remove the mark. At
 EEPROM data border will show Pre se rve de vic e EEPRO M d a ta o n w rite in red message.It means the EEPROM data memory will be protected. User can access only Flash pro-
 gram memo ry. See the illlustration b elow.
 1.3.2.3 Updating the USB Programmer Firmware
 To upd ate the p rogrammer firmware Operating System, complete the following steps.
 (1) Download the la test PICkit 2 Operat ing System from the Microc hip we b site
 a t w ww .mic roc hip .co m. Bec a use the Rob o-PICA’ s USB p rog ra mm er is c om pa tible
 Microchip’s PICkit2TM programmer.
 (2) From the menu, select Tools à Download PICKit 2 OS Firmware , as shown in
 figure below
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