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1 Introduction 
Most pubiications on multimedia issues address basic technology or system software aspects 
(video m e r  implementation, commuuication protocols, etc.). Somc Papers discuss networked 
appiications 4 t h  the focus on multimedia conferencing, multimedia and hypamedia docu- 
ments and video on demand with clicnt and server systans. We look inm details of networked 
appiications, a remote camera control appiication. 

We designed and implemcntcd the HeiCam application (HeiCarn - The Heiilberg Remote 
Camera Control) to exploit the advantages of existing computing and communication for the 
uirrt>osc of a remote camaa control Remote aimera control facilitits art mainiv uscd to 
o b k e  buildings or restricttd a~s, q e c h l l y  wherc danger to lifc cxists or ernpkymcnt is 
unprofitable, as in chemical plants or nuclear power stations. First, let us d&be in detail how 
a r-mote camera control wo& in a networked environment 

The camera is attached to a computer, the "'camera ma". via an elecuical intdace. for 
example a serial RS232C interiace. Control commands like "'move". "zoom" and 'Yocus" are 
sent via this interface h m  the computer to the camem The originaror of the is an 
application running on a ranote computer, the "camcra climt". Both computns. c k n t  and 
ma, arc i n t c r c o ~ d  by a computer netwxuk, for wrample a Tokcn Ring or Ethcmct LAN. 
Audio and video data is continuousiy captmd, codcd and compresscd at the savct This data 
is~ttcdovcrthenctworktotheciicnt Atthisxemo~locationtheaudio/vidc~ signalis 
dispiayed in the window of the ciient appiication. In thcse set-ups the canua attachcd to the 
camera saver can be controlled remotclv from one of the clients. The uscr controls horizontal ~~ ~~ 

and vertical movements by clicking with the mouse on appropriaa buttons or on somc part of 
the disuiaved video image itseif. AU otha control functions of the camera art also r e f l d  - 
appropriately at the um&terface at the client workstation. 

We learned that the visual control of critical production processes would be easia if video 
pichires 6um the process couid be displayed tog& with ~rresponding measurement data on 
a single display. Control consoles for production supervision have aiways been developed with 
the goal of integratcd solutions: Control personnel should have aU relevant infomtion at their 
disposal in a compact and precise fonn. Up to now it has not been possible to integrate video 
using the same faciities. Consequently separate displays had to be installed in control Centers. 
Th& are advantages to retrofitt& video konitoring into existing control consoles. Vieo pic- 
tures can be shown in one window while o the~ windows dis~lav measurements and alann in&- 
cators along with schematics of the produdon process: With an intelligent presentation 
system, it is possible to display only relevant video information at a certain point of time or at 
a specific state of the indusuial process to be supervised. The physical distance between cam- 
era and the c o n a o h g  workstation is of no concem. The control commands for the camera as 
weii as the live video and audio data are transmitted over the Same digital network. Other sce- 
n h o s  based on the same live video technology include the use of cameras in security Systems. 

2 Env i ronment  and Constraints 

HeiCam has been developed in vhous  versions over the last 3 years. Based on the initiai pro- 
t0type.s a User requirement study was periormed. We wanted to find out the specific User 
demands of what and how to remotely control a camera. In the foiiowing we outline these 



issues and describe how they are reflected in HeiCam We have developed HeiCam on PSR 
with OSD 14.31 and on RSl6000 with AiX [9]. 

Network Environment 

A main motivation for the use of this application is the desired reduction of expenses in associ- 
ation with the installation of any distributed remote camera control. Existing infrastnicture, 
namely Computer nehvorks and the attached workstations shouid be used. It shouid be avoided -~ ~ 

to invcst in dedicated equipment such as analog cabling for the transmission of video signais. 
During the last years. there is a discernible trend from stand-aione workstations and PCS to 

n e t w o e  systa&. A networked environmcnt offen the opportunity to share expensive 
p c r i p h d  deviocs such as lasa printcrs. scannen and in principle also audiovisuai equipmcnt 
like cameras. The otha principai usage is the exchange of data. Conventional LANs provide 
fast buk  data Wci in a fair mode without real-time demands. To a wtain extent these net- 
works can also function as "sharcd medium" for the exchange of audiohideo data 

In such an environment a workstation can act as client and/on ma HeiCam incorporates 
this client~seryer paradigm: S e v d  m e r s  and several clicnts are attached to the same net- 
wo& The sava providcs video data to the clients using m u l W  faciliiics of the c d c a -  
tion protocoIs Any client is able to control evay camaa attachcd to any ma Servcrs have 
to be equipped with speciai video hardware for b g r a b b i n g .  digitjzing and comprcssing the 
desred video signal. Depending on the employed compression scheme the client might also be 
equipped with hardware to speed-up the decompression and display process. - 

Clienl 1 
RSl6000 

Figure I :  Network Environment 

1 shows a typicai scenario of the HeiCam appiication and symbohes the network envi- 
ronment: Servcr A and Server B feed their video data into the network. The clients can choose 
which video streams they want to attach to. Client 1 "consumes" the "video strcarn A" and 
controis the respective carnera with the "control data flow 1". Client 2 displays the video data 
of stream B and sends the control data flow 2. The HeiCam application at client 3 can display 
eithcr video stream. 

Independence of a Specik Audio and Video Format 

As outlined in p.81 there already exist many compression techniques. The most important 
compression techniques are WEG, H.261, MPEG and proprietary developments Wce DVI, 
Intel's Indeo, Microsoft's Video for Wmdows, IBM's Ultimotion, Apple's QuickTime or 
DigiCipher ii developed by Generai Instruments Corp. and AT&T. This large number of com- 
pression schemes and thW ongoing developments demands for adaptabiiity to various f o m t s  
and implementations. The use of a seperate AV subsystem d o w s  the integration of further 
compression techniques and capturddisplay hardware adapters outside the scope of the Hei- 



Cam application. Therefore the HeiCam application is independent of any specific audio and 
video format 

. . Independence of a Specific Camera Type . , . . .  . . .  :.. . . . 
. .  . 

~ i r n i l k  to the various formats of audio and video data and their integration into the audiohrideo 
subsystem. a closer look to the diverse camera hadware coneol interiaces is required. 

The architecture of a diseibuted remote camera control should Support a large amount of 
video cameras. These cameras differ considerably with respect to their intended use (for exam- 
ple monitoring or teleconferencing). We encounter c o d u a b l e  differcnces in the hardware 
interfaces for cach rcmote camera control. HeiCam must aiiow for the integration of this sct of 
heterogeneaus haniware resources Hcnce in analogy to w d - h o w n  opcrating system compo- 
nents we intmduce a novel interiace software betwccn control functions and the m a l  camua 
hardware: the "camera driver". A sct of drivers for different cameras provides the indepen- 
dence of a specific camera type. 

hnctionai Blocks 

A stnichired design of the remote camaa control application nsults in the separation of the 
software into the foiiowing functional blocks. 

User intedacc (text and graphics oriented) 
Networke. control functions for the camera conml (icluding a camera driver at the server 
site) with the 'HeiCam Control Rotocol" (HCP) 
A networked audio/vidw subsystem with the "Source and S i  Control Protocol" (SSCP) 

Figure 2:  Data Stream und C o ~ l  Stream Flows 

The uscr interface enables the User to interact with the HeiCarn application. It must provide a 
clear view of the available functions for the control of the camera which must be easy to use 
and easy to remember. The control functions module performs the commands issued by the 
User via the u s a  interFace. At the serva site it processes the communication with the camera 
driver. Protocols for the communication between client and scrver and the communication 
between server software and the separated audiolvideo (AV) subsystem are needed. Therefore, 



interface modules to these pmtocols are required. The audiohideo subsystem controis and 
rnanages the distribution of the audio and video data from a server to the several clients. It is 
developed separately. inteafaced by HeiCam and entire.1~ encapsula-. Note that also in our 
.version with an object-ori+t.e4+design and impleme~t&ion we encouiiter the Same 'functiknal" 
pa&tioning as part of the class hierarchy [3]. 

Video Stream and Contml Pmtoeois 

As mentioned in the description of the functionai blocks above, two ~0ntr01 protocols are 
needed to negotiate and establish the actual video data transfer, and to control the remote cam- 
era itself. These pmtocols exist in addition to the pmtocol for the transmission of the Mda, 
irnages The pmtocols and the video stream are aii tmnsnitted over the digital network, how- 
cver they have different requirements: 

The transmission of audio and Mdeo data has to fulfil reai-time requirements and must obey 
se id  time constraints. A managemcnt of the involved resou~ces. e.g., network bandwidth, 
CPU time and buffer space, has to be done. Therefore, a Special transport systun for audio and 
video dara is needed. The Heidelbeq 'Ihspon System (HeiTS) 121 processes thc auismission 
of the AV dara and cnsurcs the necdcd rcsormr management in principle any other multimb 
dia transport system can also be uscd as long as it interworks withthe available AV subsystau 

The communication betweea the sesver and the AV subsvstems of server and client muires - . 
a protocol to cause the AV subsystem to start or stop an audiohridw transrnission between 
server and ciient This protocol is not Stnctiy time.-bound and it should providc for thc sek- 
tion of different video data rates, constant and variable bit rates as deiivcrcd by the respcctive 
compression schemes. It is known as SSCP, the S o m  and Sink Control Rotocol [I]. 

The stream of camcra control data is not strictiy time-bound. but it should be rdiable. This 
control mtocol  is d e d  HCP (HciCam Control Rotocol) and is bascd on RPC. Thc usc of 
d t i o k  pmtocols. such as T&/P, as transport layer &tocols of thc RPC are suitable fot 
tbc transport of the control commauds aad Qmplifies the exchange of these cornmands in heta- 
ogeneous environmcnts. 

3 Specific -- User Requirements 
Bcsides the consideration of the above elaborated appiication environment and the introduc- 
tion to the basic functional blocks. the most crucial factor of success in any multimedia appli- 
cation is a clear undmtanding of the ~pecitic user requirements. 

Any usa interacting with a remote control appiication is not only interested in having as 
many features and functions as possible; sh&e demands for a fast response time. to any g i v a  
cornrnand and it should be very easy to usc for a casual as weil as a professional user. AU these 
major points are the primary factor for the success or failure of HeiCam AU architectm aad 
implementation issues must suppon aad enable these user requirements. 

Control Operations 

in the design phase of a remote camera control. the question arises which control operations 
shouid be available for the user and how they are called. Fist of all, the user expects an inhii- 
tive way of handling the remote camera: Selecting and changing the shot the camera offen. 
The user needs, for bettet acceptance. hands-on movements and focus and other operations of 
the camera, as he wouid hold a camera right in his hands. 

The HeiCarn user interface offen therefore a set of functions a user will expect There are 

Move Oeft, right, up, down), mom and focus 
Video captute (with facilities to rccord and playback videos at the local machine as weii as 
at a remote server. This can be used if a security guard or supervisor is recognizing an unau- 
thorizcd access to a restrictcd area and the video is serving as evidente.) 
Defined camera positions (storage and retrieval of several camera positions in order to 



access predefined camera positions rapidly. These positions are defined by the spatiai posi- 
tion of the carnera and the componding Zoom and focus values.) 
Adjustments for image quality (like contrasf colors, brilliancy, etc.) 

The acceptance of any video camera in-a remote environment highly depends on the whole 
access conkol support including authorization. The system architecture shouid support a vari- 
ety of possibilities as enumerated in this section. 

Wlth respect to the available capabilities, the access to a remote camera conkoi can be 
aiiowed for aii operatiom, for a subsct of opaations. for no control operations of the camera 
but display of video data or for no opaation at eil. 

W~th respect to the u s q  machines and applicatiom, the access to a nmotc camera control 
can be allowed to a petson or to a gcoup of peopk. to certain appiications or to cornputcas or 
gcoups of cornpute~s (ie. for anybody wodring in on machines owned by a department). 

If several people/appiicationicomputers are authorid simultaneousiy. the access to the 
camaa bas to be synchronized. Just imagine a socce~ gamc transmission w k  each sparabx 
can control the same camcra. limdon. the possibility to wntrol the aunera has to be granted 
exclusivcly to a petson/appiication/computa at one point of time. 

User Intenace 

Many m u l t h d a  appiications in the domain of conferencing are technology driven. Hence the 
user interface has not the highest priority. We see this from a different paspectivc. and are 
experienced that the users an most aiticai wncemiag this issue: The suaxss or failure of an 
application like HeiCam heaviiy & p d s  on ihe acceptance of the uscr interface by thc usa 

The u ~ e r  siüing in h n t  of this computa mts to change the position of thc camua in ordcr 
to get another view. 'Iherefore. he issues control comrnands to. for exampie. move, zoom. and 
focus the camem He inmacts with thc application through the usa intcralcc of thc cemra 
control appiication 'Ihe goals of the design of such a uscr inictface are to provide ease of use 
for 6rst-time users. an easy to mnember mechanism for casual users, and a fast and effedve 
operation Khnique for frequent usm. To some extent thesc goals are w n ~ c t o r y  and diffi- 
cult to iaplernent. We appmached this cnicial issue by providing a butt~n/medln based window 
interface as weil as thc novcl "active video window" approach (as outlined in the next scction). 

In the novel approach the movement cornprising "up". "down", "right", "left" i.e. rotatbm 
with respect to two right-angied axes of the camm are controlled by immcdiatc i n d o n  
with the moving image [SI. 

Fast Response Time 

Another requirement following the in&on bäween u s a  and use~ interface of thc multime- 
dia System is the aiready mentioned real-iime and a short response time. 

The purpose of a remote camera control system in a multimedia environment has the possi- 
bility of controlling the "live action". It is especially the interaction between User and system 
that ensures a high acceptance of the overall system. This way, the usa gets an immediate 
response of his operation shortly selected before and a precise adjustment of the camera. i.e. 
for focus operations. A muitimedia System that is unable to meet these assumptions implies 
unwanted delays and a long response time. 

4 Implementation Aspects 
To separate the application into funchonai blocks. a Special block of the conuol functions was 
built. The control functions are the logicai part of the Performance of coneol commands given 
by the User on both sites, client and Server. Because of the independence of a specific camera 
hardware the control functions are divided into device independent control, the logicai part 0f 



the control functions. and a device dependent conmL Both parts are c o ~ e c t e d  with a clearly 
detined programming interface. The part of the &via dependent control is called the camera 
&ver and performs the ixansmission of w n w l  d e s  to the camera hardware. 

.This existing architecture anti implementation of a remote carnera control fulfils aii the 
requirernents mentioned above. This m t i o n  of thc requiremcnts is described in this section 
as weil as the used cornmunication protocols. This section shows how HeiCam works and 
lightens the most criticai aspects. 

Camera Movements 

The camcra movements contain ail functions for horizontal and vertical move. Zoom and focus 
of the camera and its lens. These movements can be combined because of a sirnilar perfor- 
mance of theh commands. The HeiCam Conml Protocol (HCP) was designad and imple- 
mented for thc transmission of the conml commands kom client to server. 

There arc two possibiities to fonnuiate a conml command for a camera movement: A rela- 
tive command or an absolute command A relative command is a conml command liLc "Mwe 
amem 180 degmx left with speed 3". "Move camra with spced level3 towards the position 
of 180 degms" is aa absolute coinmand. The coupling of direction and spced level to one con- 
trol command "Mwe lat with speed 3" groups logically rclatcd issues t o g k  and it ailevi- 
ares the communication paths fmm thc transmission of at least one additional message. Using 
such a command requircs to give a command to stop the c a m  at the desi~ed objcct 

in general the motor of the camaa hardware possess not only thc state "On" ar "OE". it 
aiiows thc division of a movernent into various speed levels. Because of the i n d a  of the 
motors at the aiteration of the speed level, we often eXpenenced a certain problern- A sudden 
accdaation to the highest speed level in a very shm penod of tim can cause a damage of the 
camera w t o r s  or demand at least a raadjustment of the moto~~.  Tbis must be prcventtd The 
introduction of r q s  for auxiemion and to brala down a camm movcmait solves prob- 
Lcm This actclcraton in tnc step by stcp mode avoids the damage of the motors. 

Storage of Posiiiona 

Thc storage of positions is very specific to the used camera type. Some carneras ailow to store 
positions by their special colltrol hardware, others rehm values of theh m e n t  camera posi- 
tions and consequentiy facilitate a Storage by software. Hence the handling of stored positions 
is also the duty of the camera driver. 

The storage of a position means to save the values of thc current camcra position as weil as 
vaiues of the actual adjustment of the kns  (zoom and focus). i n  order to address different 
already stored positions we introduced position identiiias, ie  names and numbers. 

The managemmt of these positions and the respbctive position names is perfonned by the 
camera driver at the SUVCT sitc. If a client wants to move to a desucd position, then client 
mmsmits the accornpanying control command and the position identifier via HCP to the setver. 
The s m e r  teiis the camcra driver to perfoxm the movement to the namcd position. Depending 
on the camaa type and the used Storage technique the camem driver determines the requires 
values for positioning and adjustrnent of thc lens. These values and the identifiers of the posi- 
tions are kept internaiiy at thc server in a position table and stored in 6ie for availibility at any 
restart of the server. 

The HeiCam Control Protocol (HCP) 

The HeiCam Control Rotocol is the protocol for the transmission of the control commands 
from the client tothe server. Even though this protocol is not süictiy time-bound the amount of 
transmitted data should be as littlc as possible. Therefore. aii commands are executed at the 
server using ramps to accelerate and slow down. 

HCP uses the Remote Procedure Ca11 (RPC) which is suited for the development of clientl 
Server applications. The RPC is able to use UDP or TCP as lower layers of its own protocol. It 



is important to the HeiCam appiication that any command given by the User is executed exactly 
once. The reliability of TCP guarantees the fulfiüment of this rnajor requirernent. The use of 
these standard protwols straight forward and simplified he development of the HCP. At the 
transmission of a command via HCP a data stnicture is sent which contains ali informations 
needed for the execution of the desired control command. 

The AudioNideo Subsystem 

The deiivery of the audio and video data from the camera w e r  to the comected clients is the 
duty of a separate audiofideo subsystem This separation of ciientkemer program and AV 
subsystem aliows the reuse of aiready developed software modules and the independence of a 
specific audio and video fomiat 
The BERKOM Muitimdia Coilaboration Service (MMC) supports joint working in a dis- 

tributed environment. It allows usas  to share appiications and to participate in audiovisual 
conferences from their workstation [I]. The Audio Viual Component (AVC) of the BERKOM 
project is inteafaccd by the HeiCam application. The AVC is based on HeiTS and establishes 

, audio and video comections between w a s  and ciients. There is one AVC on each ma or 
ciient machine. 

The Heidelberg Tmnsport System (Hein) provides the abiiity to cxchange streams of wn- 
tinuous-media data with quaiity of service (QoS) guarantees - where appiications can specify 
the requirements they have for the transport smice. To provide these QoS guamntees, the pro- 
twols of HeiTS are embedded into an environrnent which provides real-time techniques and 
resource rnanagement HeiTS haasfers continuous-media data slreams from one origin to one 
or multiple targets via muiticast HeiTS nodes negoliate QoS values by exchanging flow speci- 
fications to determine the resourccs required - deiay. jitter, throughput and rehbiity. T k e -  
fore, the cooperation of HUTS and the AVC as a separate audiohideo subsystem offers a 
p o w d  and aiready available faciiity for the transmksion of multimedia data streams. 

The AV subsystem has a clearly &find intaface. the So- and Si Contcol Prot0~01 
(SSB). It can be used to estabiish mmmkions  of continuous-media data. This protocol a n -  
mls how to Open and to close wmections by defiuition of endpoints. 

- -At the HeiCam application the camera server works as cenaal control for the distribution of 
the audiohideo streams. That means that each ciient is able to request the transmission of the 
video images at the server indenpendent of the conml of the camera. 

Implementation of the User Interface 

The graphic-oriented u s a  interface of the HeiCam ciient is the control panel of the remote 
camera conmL The integration of ali required functions and a clear arrangement of the control 
elements ensures easy handling and fast interaction with the appiication. 

Buttons for each k t i o n  of horizontal and vertical movement and for zooming and focus- 
sing the camera are integrated into the conml panel. A siidabar for fixing the desircd speed 
level of the movements is integrated as weii. A ciick with the rnouse on a button stat.5 the 
movement in conceming direction. A futiler ciick stops the started movement. The ciick on 
the stop bunon executes the halt of ali camera movements. Using the siiderbar to change the 
s p e d  level during a moving operation is possible as weli. Stomi positions can be added, 
renamed and deleted with buttons. A listbox gives a Summary of all current stomi positions. 
Using the mouse by clicking into the iistbox executes the movement of the camera to the 
desired position. 

Besides the traditional User interface with buttons for each direction of horizontal and V&- 

cal movement and for imoming and focussing, our novel approach [5] means to a remote cam- 
era by cticking in the window where the video of the camera is displayed. The direct 
interaction on the video window follows human intuition: We expenenced this to be most 
effective and easy to use. This approach contains two variants for controlling the camera by 
clicking with the mouse: 



The User issues a double click at an object in the video window. Subsequently the camera is 
rnoved to a position, where this object results to be in the center of the video window. 
The user issues a single click at one side or at a corner of the video window. The nearer the 
click occurred at the border of the window, the higher is the speed level of the rnovement 
Le. a click in the upper nght corner of the window causes the camera rnovernents "left" and 
"up", a click nearby the center of the window causes a slowly rnove. 

5 Experiences and Outlook 

Since the start of the HeiCam project and its development in 1991 different HeiCam versions 
on two piatforms wae  implemented. They were shown at many exhibitions mund Ewope 
including Cebit '92 at Hanover, Gemiany and the Security '93 at Utrecht, Netherlands The 
field of the security and sweiiiance indusüy is changing rnore and rnore towards digital p r e  
&g. Thaefore, the HeiCam application finds rnore and more interest. 

A script language allows to record and to piayback sequences of previously issued control 
mmmands The supnvisor is able to concentrate on the rnonitoring only. In order to ncord a 
sequence the controller has to stan the mrd ing  and to issue all commands as usual AU a n -  
1101 mmmands and the time betwm two commands is kcpt in a cditable tiie. A saipt mm- 
mand to restart the programmed macro tiie also provides the playbadr of an endles scquence. 

The combination of a digital remote camera control with a set of sensors. such as photo- 
ektcic beams or rnotion detectors, extends the autornation of indusmal rnonitoring Systems. if 
an event occurred and is caught by the Sensors. the camera would rnove directly to the scene 
and the video image is automatidy shown at the controlier's monitor and recorded to a filc. 

The d W o n  of motion can be done by analyses of a digital video. Video mmpnssion 
kcbniques using intmhmc coding aüow the deteciion of motions by an analysis of thc sizc of 
thesc delta frames A sophisticate analysis of a live video may also be done to control a camem 
by tmcing a desited moving object. 

H e i m  compriscs the remotc camem mntrol and interfaczs the transmission of live video. 
It includes thc possibiity to store and retrieve thc video images in a simple way. The develop- 
ment on different platfomis. thc simple intcgration into existing applications and the sophisti- 
cated User interface opens a widc&rket and the access to a large number of Ps12s and 
workstations. 
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