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B crarpe mpoBenéH CpaBHUTENBbHBIM aHATU3 TPEX PACHPOCTPaHEHHBIX MHTEP(DEcoB
CBSI3H, UCIOJIb3YEMBIX B CUCTEMaX yIpaBlieHUs poooTaMu-mManumyisitopamu: RS-232, CAN
bus u Ethernet. PaccMOTpeHbl OCHOBHBIE TEXHUYECKHE XapPAaKTEPUCTHUKU (CKOPOCTH
nepeAayd JaHHBIX, JAIbHOCTh, TOMOJOTHS, IOMEXOYCTOMYMBOCTh, JIETEPMHUHU3M).
Brinenensl JOCTOMHCTBA M HEOCTATKU KaXKJA0TO MHTepdeiica MPUMEHUTENIBHO K 3aa4aM
yIPABICHUS] MAHUIYISATOPAMH — OT MPOCTHIX yU4E€OHBIX CTCHJIOB JIO MPOMBIIUICHHBIX H
KOJUTabOpaTUBHBIX pPoOOTOB. Ha oCHOBe cpaBHEHHUS NaHbl PEKOMEHIAIMUA TI0 BHIOOPY
unrepdeiica B 3aBUCUMOCTH OT TpeOOBaHUN K pPEaTbHOMY BPEMEHH, CIIOXKHOCTHU
peanuzanuu M MacirabupyemMoctu. Pesynbrarhl pabOThl MOTYT OBITH MOJIE3HBI MPU
pa3paboTke MPOTrpaMMHO-aNnapaTHOro obOecrnieueHus (buznyecKux Mojenei

MaHUITYJISITOPOB.

The paper provides a comparative analysis of three common communication interfaces
used in robot manipulator control systems: RS-232, CAN bus, and Ethernet. Key technical
characteristics (data rate, transmission distance, topology, noise immunity, determinism) are
examined. The advantages and disadvantages of each interface are identified with respect to
manipulator control tasks — from simple educational stands to industrial and collaborative
robots. Based on the comparison, recommendations are given for selecting an interface
according to real-time requirements, implementation complexity, and scalability. The results

can be useful when developing hardware and software for physical manipulator models.
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BBenenue

CoBpeMeHHbIE POOOTHI-MaHUITYJISITOPBI MPEACTABIISIOT coboi CJI0KHBIE
ANEKTPOMEXAHUUYECKHUE CUCTEMBI, COJAEpKAIIUE KOHTPOJUIEP BEPXHETO YPOBHS, MPUBOJBIL,
JTATIUKA 0O0paTHOM CBS3W M, HEPEJIKO, CUCTEMbl TEXHHUYECKOTO 3peHus. Dh(PEeKTHUBHOCTD
paboOThl MAaHUTTYJISITOPA HAMPSMYIO 3aBUCHT OT HaJIEXKHOCTH U CKOPOCTH OOMEHa TaHHBIMHU
MEX]Ty 3TUMHU KOMIIOHEHTaMHU. VICTOpUYeCcKH CI0XKHUIOCH, UTO /7S CBSI3U B POOOTOTEXHUKE
UCTOIB30BAINCh  pa3IiuyHble  MHTepPEHChl —  OT  MPOCTOr0  aCHHXPOHHOIO
nocyenoBareasHOTo opta RS-232 1m0 BRICOKOCKOPOCTHBIX TPOMBIIIIEHHBIX CETeH Ha 0aze
Ethernet. Bribop wuHTepdeiica ompenenser HE TOJBKO MNPOW3BOAUTEIHLHOCTh, HO U
CTOUMOCTb, CIIOKHOCTh Pa3pa0OTKM U  BO3MOXXHOCTH MOJEPHU3ALUU  CHCTEMBI.
Lenp nanHOK pabOThl — MPOBECTU CPABHUTENbHBIM aHanu3 TpEX uHtepdercoB: RS-232,
CAN bus u Ethernet (Bkito4ast ero npoMbIIUIEHHBIE PACIIUPEHUS ), BBIABUTh UX CUJIbHBIE U
cnadble CTOPOHBI MPUMEHUTENIBHO K CHCTEMaM YIPABICHHS MaHUMYJISITOpaMUu. 3ajadu
BKJIFOYAIOT ONHCAHUE KaXXJIOro MHTepdeiica, MOCTPOEHUE CPABHUTENIBHOW TaOMULbI 10
KJIIOYEBBIM MapaMeTpaM U (OpMyJIMPOBAaHUE PEKOMEHAAIMI [ pa3HbIX KIJIACCOB
MaHUITYJISTOPOB.

OcHOBHas1 4aCTh

Kpamxkas xapaxmepucmuxa unmepgheticog

RS-232 — omuH W3  cTapedlux  MOCJIENOBaTeIbHBIX  HHTEpP(]EiicoB,
cTaHapTu3npoBanHbiil enié B 1960-x romax u nozaHee oOHOBNEHHBIN B Bepcun TIA/EIA-
232-F [1]. OH peann3yeT aCUHXPOHHYIO IYIUIEKCHYIO CBSI3b IO CXEME «TOYKA-TOYKA» HA
paccrosiHusIX 10 15 meTpoB. CTaHIapTHBIN Psijl CKOPOCTEH OOBIYHO 3aKaHuuBaeTcs Ha 115,2
KOMT/C, OJHAKO B OTAENBHBIX pean3alusaX Ha KOPOTKUX JIUHUSIX TOCTUNKUMBI CKOPOCTH J10

230 x6ut/c. [IpocTora peanuszanuu U HU3Kasg CTOUMOCTD caenanu RS-232 nomynspHbIM B



y4eOHBIX W J1a0OpaTOPHBIX MaHUMYIsATOpax Ha 0aze Arduino, a Takke B CTapbiX
OPOMBIIIIEHHBIX poOotax (Hampumep, PUMA). OpHako OTCYTCTBHE MOAJEPKKU
MHOTOTOYEYHOM TOMOJIOTMM, HH3Kasg MOMEXOYCTOMYMBOCTh (HeauppepeHaibHbINd
CUTHAJI) U HEBO3MOXKHOCTh TapaHTHPOBATh KECTKOE peaibHOE BpEeMs OTrPaHUYMBAIOT €ro
IPUMEHEHUE B COBPEMEHHBIX CUCTEMAX.

CAN bus (Controller Area Network) Obu1 paspaboran kommanueit Bosch mms
aBTOMOOMJIBHOM  3JIEKTPOHUKH, HO 3areéM IIUPOKO BHEAPEH B  IPOMBIIUICHHOM
apromaruzanuu u pooororexuuke (nmporokon CANopen) [2]. CAN — 3To MHOroTOUEUHAs
mipdepeHmanbHas IIMHA C  apOUTpa)XxeM COOOIIEHUII Ha OCHOBE MPUOPHUTETOB
(CSMA/CA). Ckopocts pocturaer 1 Mout/c npu pnune nuaum 1o 40 m; npu
MakcumainbHoM jJumHe 1000 M ckopocTh cHUXaeTcs mpuMepHo 0 S0 kOut/c. bnarogaps
JETEPMUHUPOBAHHOMY JOCTYyNy W BBICOKOM mnomexoyctoiunBoctu CAN bus akTMBHO
UCIIONB3YETCA B MNpOoMbIIUICHHBIX MaHumyisatopax KUKA, ABB u MHOrux napyrux.
HepocrarkoM MOXXHO CUMTaTh OFPAHMYEHHYIO MPOIMYCKHYIO CIIOCOOHOCTH ISl Mepefadu
00X 00BEMOB JaHHBIX (HApUMEp, BUACONOTOKA).

Ethernet (IEEE 802.3) [3] momuHHpYeT B JIOKaJbHBIX BBIYMCIUTEIBHBIX CETAX. B
IPOMBIIIIEHHON POOOTOTEXHUKE MPUMEHSIOT Kak cTaHiapTHbiii Ethernet (TCP/IP) s
HEKPUTUYHBIX 33/1a4, TaK U CIIELMAIN3UPOBAHHBIE TPOMBIIIEHHBIE IIPOTOKOJIBI PEAIBHOIO
Bpemenu — EtherCAT, PROFINET IRT, Ethernet/IP. Ckopoctu ot 100 M6wut/c no 1 I'6ut/c
NO3BOJIAIOT IEPEIABATH IAHHBIE C KaMep, JIN1apOB U 00€CIIEUYNBATh YIAJEHHOE YIIPABICHHUE.
Tononorust «3Be3/1a» ynpoLAeT MOAKIIOYEHNE MHOTUX y370B. OQHAKO sl TOCTUKEHUS
JE€TEPMUHN3Ma TPEOYIOTCS CIEUHAbHBIE annaparHble M IPOrpaMMHBIE pELICHUS, a

CJIOKHOCTb CTE€Ka MPOTOKOJIOB BbIlIe, yeM y RS-232 unu CAN.

Tabnuya Ne 1: CpasneHnue xapakmepucmux



TMMapameTp RS-232 CAN bus Ethernet (mpoMbIlLIeHHBIH)
MakcuMalibHasi CKOPOCTh, OHT/C 115 200 (zo 230 000) I Mout/c (CAN 2.0); zo 5-8 MGur/c 100 Mb6ur/c / 1 I'our/c u Bbiie
(CAN FD, ¢a3a nanHbIX)
MakcumaJbHasi JUIMHA, M 15 1000 (c MOHMKEHHOH CKOPOCTHIO) 100 (menp), no 40 kM (onTHKA)
TonoJorus TOYKa-TOUKa MIMHA ¢ TEPMUHUPOBAHUEM 3Be3/1a / AepeBO
KouuuecTBo y3/10B 2 o 110 MPaKTHYECKH HE OTPAHUYEHO
Mertoa noctyna BEAYLIMI-BeJOMBIN CSMA/CA ¢ apbutpaxem CSMA/CD (i sierepmunposaribiii ¢
KOMMYTaTOpamu)
JleTepMuHu3M (peajbHoe BpeMsi) OTCYTCTBYET CpeaHii (rapaKTHpOBaHHEI Beicokuii (¢ EtherCAT, TSN)
apOUTpax)
IomexoycTOHYMBOCTH HU3Kas BbICOKast (udhepeHnanpHas napa) CPEAA (SKPAHNPOBAHHA BHTAA Napa,
OTITHKA)
CI102KHOCTDb peaju3anuu OYCHb HU3Kas cpenHsst BBICOKAS
Universal Robots (EtherCAT), Franka
TDHMEDEI B MARHIYISTODAX Vuebusie po6oTsl (Arduino), crapeie | KUKA, ABB (CANopen), yueGHbIe Emika (TCP/IP), KUKA LBR iiwa
puMep ¥ P PUMA mozenu Ha STM32 (EtherCAT), ROS-coBMecTUMBIE
cuctemsl [4, 5]

AHAJM3 IPUMEHUMOCTH JISl PA3JINYHBIX TUIIOB MAHUIYJIATOPOB

JI1st mpoCThIX YueOHBIX MOJIeNel (HarmpuMep, MaHUIYJIATOp Ha 3—4 cTeneHu cBoOOIbI €
MUKpoKoHTpoJiiepoM Arduino) unrepdeiic RS-232 unm ero coBpemenHas Bepcus USB-
UART ocraércst onpaBaaHHbIM BBIOOPOM: MHUHHUMAJIbHBIE 3aTPaThl, MPOCTOTA OTIIAJKH,
J0CTaTO4YHAasi CKOPOCTh JUIsl Mepeaur KoMaH[ rnosnoxeHus. OHako yxe npu A00aBJIeHUN
HECKOJIbKUX JIaTYMKOB M HEOOXOAMMOCTH CHHXPOHM3AIMM HECKOJIBKHX MPHUBOJOB
OPONYCKHON CIOCOOHOCTU MOYKET HE XBAaTUTh.

[IpoMBIIIEHHBIE MAHUIYJSATOPBI CpeaHEero kiacca yamie ucnoibdytoT CAN bus c
nporokoioM CANopen [2, 5]. D10 obecrieunBaeT 1eTEpMUHUPOBAHHBI OOMEH KOMaHIaMH
ynpasiieHust (00blYHO 1—2 MC), BBICOKYIO IMOMEXOYCTOMYMBOCTh B YCIOBHUSAX L€Xa,
BO3MOKHOCTb MOAKIIOUEHUS IO COTHU MHTEJUIEKTYyalIbHBIX MPUBOJIOB U IATYMKOB O OTHOM
mvHe. [Ipu 3ToM pazpaboTka He TpeOyeT JOPOTruX CETEBBIX CTEKOB.

CoBpemenHbie Kou1abopatuBHbIe U HccienoBarenbekue podotsl (Universal Robots Ha
EtherCAT, Franka Emika na nponpuerapuom npotokosne nosepx TCP/IP, KUKA LBR iiwa
Ha EtherCAT, a taxxe cuctemsl Ha 6a3ze ROS) npumensitor npombinieHHbi Ethernet —
kak npaBuiio, EtherCAT nubo crenuanu3upoBaHHbIE TPOTOKOJIBI peaIbHOTO BpeMeHu [4,

5]. Boicokas ckopocTh HeoOxomuma njsi 00pabOTKM MaHHBIX C Kamep, TaKTHIIbHBIX



CEHCOpOB, a TakXke JJI1 peaju3alud pachpeleiEHHBIX BBIYMCICHUNA (HampuMmep, pacuér
oOpaTHOW KMHEMAaTWKM Ha BHeHIHeM Kommbtorepe). Ethernet mno3Bomsier nerko
UHTErpupoBaTh MaHUNYJIATOP B Industry 4.0 u oGnauHble cepBUCHI.

Coo0Opaxenus 1Js pa3padoTKu GU3NMYECKOM MOJeJIM MAHUILYJISITOPa

[Ipu co3ganuu ¢uzmyeckor Moaeau poOOTa-MaHUMYJISTOPA B paMKaxX MarucTepcKoit
qUccepTali Hanbosiee paluuOHAIbHOW MpencTaBigeTcss THOpuaHas apxutekrypa. s
CBS3M C IpuBOJIaMu (cepBoMoTopamu, ocHaIEHHBIMU CAN-uHTEpdeiicoM) onTUMaIbHO
ucnosnb3oBarh MIMHY CAN — oHa o0ecreunBaeT HaAEKHOE U CBOEBPEMEHHOE YIPABIICHUE
nBUKEHUEM. [[1s B3auMOIEWCTBHS C KOMIIBIOTEPOM BEPXHErO YPOBHS, HAa KOTOPOM
BBITIOJHAIOTCSL  pecypcoéMKue  pacu€rbl  (IUIAaHUPOBAHHUE  TPAEKTOpHUM, oOOpaTHas
KMHEMAaTHKa, BU3yasn3anus) 1 o0paboTka JaHHBIX OT KaMephl, LeJIeCO00pa3HO NPUMEHUTh
Ethernet [5]. Takoe pasaeneHue coderaeT AETEPMUHU3M YIPABICHUS U  BBICOKYIO
IPONYCKHYIO CIIOCOOHOCTb JUIsl CEHCOPHBIX JTAHHBIX.

3akiouenune

1. RS-232  gBnserca ycrapeBmuM  uHTEepdeldcoM C TOYKH  3PEHUS
POU3BOJUTEIIBHOCTH U MAaCIITAOMPYyEMOCTH, OJJHAKO COXPAHSAET LIEHHOCTh JJI OTJIAJIKU U
OPOCTEUINX YUYEOHBIX CUCTEM Onaroapsi CBEpXHU3KOM CII0KHOCTH.

2. CAN bus npeacrapiisieT cOO0H «30JI0TYI0 CEpEIMHY»: 10CTaTOuHask CKOPOCTb,
JNETEPMUHN3M, OTJIMYHASI IOMEXOYCTOWYMBOCTD U YMEPEHHAsI CIIOKHOCTh peanu3auuu. OH
OCTaéTCcsd MPEANOYTUTENIbHBIM I OOJBIIMHCTBA IPOMBIIIJICHHBIX MAaHUITYJISATOPOB U
CepbE3HBIX JIFOOUTEIBCKUX MTPOEKTOB.

3. Ethernet, 0coOeHHO € paclIMPEHUsIMU PEaTbHOTO BPEMEHHU, TAaKMMH Kak
EtherCAT u pa3BuBarommmucs crangapramu Time-Sensitive Networking (TSN), — 310
unrepdeiic Oymymero. OH oOecreuuBaeT BBICOYANIITYIO MPOMYCKHYI0 CIOCOOHOCTb,
JAETKYI0 MHTErpalyio C BEPXHEYPOBHEBBIMU CUCTEMAMU U MOAJEPKKY COBPEMEHHBIX
napaaurm (pacupenenéHHoe ynpaBieHue, ooaaunas podotorexHuka). OCHOBHbIE Oapbephl
— 0oJ1ee BbICOKasi CTOMMOCTD U CJI0KHOCTh HACTPOMKH.

4. Jlnis pazpabarbiBaeMoil (prU3MUECKOM MOJENIM MAHUITYJIITOpA PEKOMEHI0BaHA

rubpuaHas apxurekrypa: CAN s nmpuBomoB, Ethernet mist ceHCOpoB W BHEIIHETo



ynpaBiieHus. [IepClIeKTUBHBIM HAIpaBICHUEM TaK)Ke SBIISCTCS M3yYCHHE OCCIPOBOIHBIX
unrepdeiicoB (Wi-Fi 6, 5G) 111 MOOUITBHBIX MAaHUITYJISITOPOB.
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Introduction

Modern robot manipulators are complex electromechanical systems comprising a high-
level controller, actuators, feedback sensors, and often machine vision systems. The
performance of a manipulator directly depends on the reliability and speed of data exchange
between these components. Historically, various interfaces have been wused for
communication in robotics — from the simple asynchronous serial port RS-232 to high-
speed industrial networks based on Ethernet. The choice of interface determines not only
performance but also cost, development complexity, and system upgradeability.
The aim of this work is to conduct a comparative analysis of three interfaces — RS-232,
CAN bus, and Ethernet (including its industrial extensions) — and to identify their strengths
and weaknesses when applied to manipulator control systems. The objectives include
describing each interface, constructing a comparative table of key parameters, and

formulating recommendations for different classes of manipulators.

Main Body

Brief Characteristics of the Interfaces

RS-232 is one of the oldest serial interfaces, standardised as early as the 1960s and later
updated in the TIA/EIA-232-F version [1]. It implements asynchronous full-duplex point-
to-point communication over distances of up to 15 meters. The standard baud rate range
usually ends at 115.2 kbit/s; however, in certain implementations over short lines, speeds of
up to 230 kbit/s are achievable. Simplicity of implementation and low cost have made RS-
232 popular in educational and laboratory manipulators based on Arduino, as well as in older
industrial robots (e.g., PUMA). However, the lack of multi-drop support, low noise
immunity (single-ended signalling), and the inability to guarantee hard real-time

performance limit its application in modern systems.



CAN bus (Controller Area Network) was developed by Bosch for automotive
electronics but was subsequently widely adopted in industrial automation and robotics
(CANopen protocol) [2]. CAN is a multi-drop differential bus with priority-based message
arbitration (CSMA/CA). The data rate reaches 1 Mbit/s for line lengths up to 40 m; at the
maximum length of 1000 m, the rate drops to approximately 50 kbit/s. Thanks to
deterministic access and high noise immunity, CAN bus is actively used in industrial
manipulators by KUKA, ABB, and many others. A drawback can be considered the limited
bandwidth for transmitting large volumes of data (e.g., video streams).

Ethernet (IEEE 802.3) [3] dominates local area networks. In industrial robotics, both
standard Ethernet (TCP/IP) is used for non-critical tasks, and specialised real-time industrial
protocols — EtherCAT, PROFINET IRT, Ethernet/IP. Speeds from 100 Mbit/s to 1 Gbit/s
and beyond allow transferring data from cameras, lidars, and enabling remote control. The
star topology simplifies connecting many nodes. However, achieving determinism requires
special hardware and software solutions, and the protocol stack complexity is higher than

that of RS-232 or CAN.

Table No. 1: Comparison of characteristics

Parameter

RS-232

CAN bus

Ethernet (industrial)

Maximum data rate, bit/s

115,200 (up to 230,000)

1 Mbit/s (CAN 2.0); up to 5-8 Mbit/s
(CAN FD, data phase)

100 Mbit/s / 1 Gbit/s and above

Maximum length, m

1000 (at reduced speed)

100 (copper), up to 40 km (fibre)

Topology

point-to-point

bus with termination

star / tree

Number of nodes 2 up to 110 virtually unlimited
Access method master-slave CSMA/CA with arbitration CSMA/CD (or.t(i;t:;nmlstlc with
SWi

Determinism (real-time)

absent

medium (guaranteed arbitration)

high (with EtherCAT, TSN)

Noise immunity

low

high (differential pair)

medium (shielded twisted pair, fibre)

Implementation complexity

very low

medium

high

Examples in manipulators

Educational robots (Arduino), older
PUMA

KUKA, ABB (CANopen), educational
STM32 models

Universal Robots (EtherCAT), Franka

Emika (TCP/IP), KUKA LBR iiwa
(EtherCAT), ROS-compatible systems [4,
5]




Applicability Analysis for Different Types of Manipulators

For simple educational models (e.g., a 3—4 degree-of-freedom manipulator with an
Arduino microcontroller), the RS-232 interface or its modern USB-UART version remains
a justified choice: minimal costs, ease of debugging, and sufficient speed for transmitting
position commands. However, even with the addition of several sensors and the need to
synchronise multiple drives, the bandwidth may become insufficient.

Mid-range industrial manipulators more often employ CAN bus with the CANopen
protocol [2, 5]. This provides deterministic exchange of control commands (typically 1-2
ms), high noise immunity on the factory floor, and the ability to connect up to a hundred
intelligent drives and sensors on a single bus. At the same time, development does not
require expensive network stacks.

Modern collaborative and research robots (Universal Robots over EtherCAT, Franka
Emika with a proprietary protocol over TCP/IP, KUKA LBR iiwa over EtherCAT, as well
as ROS-based systems) use industrial Ethernet — typically EtherCAT or specialised real-
time protocols [4, 5]. High speed is necessary for processing data from cameras, tactile
sensors, and for implementing distributed computations (e.g., inverse kinematics calculation
on an external computer). Ethernet allows easy integration of the manipulator into Industry
4.0 and cloud services.

Considerations for  Developing a  Physical = Manipulator  Model
When creating a physical model of a robot manipulator as part of a master’s thesis, a hybrid
architecture appears most rational. For communication with actuators (servomotors
equipped with a CAN interface), it is optimal to use a CAN bus — it provides reliable and
timely motion control. For interaction with the upper-level computer, where resource-
intensive calculations (trajectory planning, inverse kinematics, visualisation) and camera
data processing are performed, it is advisable to use Ethernet [5]. Such a division combines
deterministic control and high bandwidth for sensor data.

Conclusion

1. RS-232 is an obsolete interface in terms of performance and scalability;
however, it retains value for debugging and the simplest educational systems due to its

extremely low complexity.



2. CAN bus represents the “golden mean”: adequate speed, determinism,
excellent noise immunity, and moderate implementation complexity. It remains preferable
for the majority of industrial manipulators and serious hobbyist projects.

3. Ethernet, especially with real-time extensions such as EtherCAT and the
evolving Time-Sensitive Networking (TSN) standards, is the interface of the future. It offers
the highest bandwidth, easy integration with upper-level systems, and support for modern
paradigms (distributed control, cloud robotics). The main barriers are higher cost and
configuration complexity.

4. A hybrid architecture is recommended for the physical manipulator model
under development: CAN for actuators, Ethernet for sensors and external control. A
promising direction is also the study of wireless interfaces (Wi-Fi 6, 5G) for mobile
manipulators.
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