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The invention relates to a system for measuring the load on a 

bridge when travelled by a vehicle according to the preamble of Claim 1. 

It has for a long time been a concern to monitor bridge 

constructions with regards to their loading when they are travelled by 

vehicles, heavy lorries in particular, in order for example to ensure 

that maintenance operations or upkeep operations are carried out early, 

and as a result to prevent later complex repair operations and 

renovations. 

A system for monitoring bridges, what is known as an SHM system 

(SHM = Structural Health Monitoring), is known from Yuri Tselishchev et 

al., “Wireless Sensor Network Tasked for Structural Health Monitoring of 

Bridges”, IEEE Sensors 2009 Conference, ISBN 978-1-4244-5335-1/09, pp. 

1796-1799, in which a plurality of measuring-channel conductors, what are 

known as ALIX units, are provided with series-connected DMS sensors, 

which communicate the measurement data thereof, preferably wirelessly. A 

first ALIX unit is used simultaneously as the so-called gateway for 

wireless transmission of measurement data to external locations. In this 

case, the ALIX units form a local network in their series circuit, 

wherein an Ethernet cable is used for energy supply, which Ethernet cable 

is used for communication at the same time. 

A different system, what is known as a BWIM system (BWIM = Bridge 

Weigh In Motion) is described in US 5 111 897 A. This system is provided 

for measuring the load on a bridge when travelled by a vehicle, with a 

plurality of measuring modules, which each have a plurality of measuring 

channel units, to which separate WSG sensors are assigned, which are 

provided for attachment on the bridge, wherein the sensors transmit 

analogue measurement signals in a wired manner to the measuring channel 

units assigned to them in each case, which derive digital measurement 

data from the measurement signals by means of A/D converters. 

Specifically, this is a portable measurement device, which is independent 

with regards to measured-value detection and measurement-data analysis, 

aside from the fact that it is connected to WSG sensors. In accordance 

with the device philosophy presented there, a separate, local energy 

supply unit is provided; the measurement data arriving from the WSG 

sensors are digitised and prepared by means of an analogue front end 

(AFE) card, whereupon the data are transmitted to the device's own 

computer, a CPU card. The required calculations are carried out using 

this computer card, wherein e.g. speed and weight of a vehicle are 
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established and these computed results are then stored in a memory card - 

likewise locally. There are bus connections between the individual cards. 

A device for monitoring the state of building constructions, e.g. 

bridges, is disclosed in WO 2009/063523 A2, wherein a plurality of 

measuring devices are provided, which are in each case provided with a 

battery/solar-power supply unit; furthermore, each measuring device is 

equipped with its own sender/receiver module and with a data preparation 

unit (CPU). The extent to which this known device is also suitable for 

measuring the load on a bridge when travelled by a vehicle is not stated. 

That aside, there is a lack here of a grouping of measuring modules in a 

parallel arrangement, which are connected in a wired manner to a local 

server via a PoE switching unit. 

The article by Ou et al., “Development and performance of wireless 

sensor network for structural health monitoring”, Proc. pf Spie. Smart 

Structures and Materials, is based on a radio transmission of sensor 

signals during the monitoring of structures. A local energy supply of the 

sensors is also required. 

US 2007/0062289 A1 also relates to the monitoring of structures, 

e.g. bridges, wherein an investigation with the aid of acoustic signals 

with regards to weight detection (AWIM acoustic weigh in motion) of 

passing vehicles is provided. 

It has also already been suggested (cf. "Kleine Zeitung", 15 April 

2009, page 35), to use bridge monitoring with image recognition 

mechanisms, in order to detect the weight of lorries travelling over the 

bridge on the one hand and the axial loads on the other hand; the data 

obtained should be analysed with the aid of software. As passenger 

vehicles are also detected in the process, it was also regarded as 

advantageous in accordance with this suggestion that a complete traffic 

survey would be possible. As far as vehicles are concerned, speed and 

axial spacing in particular were detected in this case. The vehicles are 

detected via sensors and lorry classes and assigned to lorry classes 

inter alia on the basis of the number of axles and spacings. 

There is a requirement as before for a measuring system which is of 

simple construction, reliable during operation and quickly supplies the 

desired data for the analysis with regards to a reliable bridge loading 

analysis. 

To achieve the object set, the invention provides a system as 

stated in Claim 1. Advantageous embodiments and developments are defined 

in the dependent claims. 
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Measuring modules are therefore provided on site, in the region of 

the bridge, these measuring modules each having a plurality of measuring 

channel units, to which separate sensors, namely WSG sensors (WSG - wire 

strain gauge) are connected. A measuring module of this type with the 

associated sensors has a "spidery" configuration of module and sensors, 

and, as mentioned, a plurality of such measuring modules ("spiders") with 

associated sensors are attached on a bridge. The sensors can be arranged 

on the underside of the bridge, but theoretically also within the bridge 

structure, and they are used to measure the loading of the respective 

bridge in a suitable form by detecting flexure. The measuring modules can 

also be combined in groups, depending on the local conditions. In order 

to detect the bridge girder system temperature and take the measured 

temperature into account during the analyses of the loading data, it is 

expedient that at least one measuring module is connected to a 

temperature sensor. Also, with regards to the dynamic detection of the 

loading measured data, an acceleration sensor can be provided, which is 

connected to at least one measuring module or is assigned to the same. 

The measured data are then transmitted via a router/computer and 

e.g. via Internet to the central analysis unit. 

Each measuring module is preferably accommodated in a housing, e.g. 

a metal housing, which is closed in a sealed manner, to protect the 

electronics. 

Whilst the temperature sensor can for example be a digital 

temperature sensor, the loading sensors, the WSG sensors, are generally 

analogue sensors. These sensors therefore output analogue measurement 

signals, and these analogue measurement signals are digitised in the 

measuring modules with the aid of A/D converters provided there, in order 

to thus derive the digital measurement data for transmission to the 

remote analysis unit. 

For each measuring module with associated sensors, provision is 

made for the measurement signals of the WSG sensors to be transmitted in 

a wired manner to the associated measuring module, to the measuring 

channel units assigned there, the wired transmission being readily 

possible here, as only relatively short distances are provided for the 

transmission and the energy supply can also take place thereby and 

parallel thereto (Power over Ethernet - PoE). 

In the present measuring system, a plurality of local measuring 

stations are therefore present, which are connected via a local network, 

a LAN (LAN - local area network). In this case, a local computer or 
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server (here also termed slave computer) is connected to the measuring 

modules, in order to prepare and temporarily store the data locally if 

necessary, before they are transmitted to the central analysis unit, more 

precisely to an analysing computer. This transmission can in particular 

take place via a mobile Internet connection and a WLAN server is 

preferably accordingly provided as server or router. The local 

server/router preferably has a GSM or UMTS modem for data transmission. 

Overall, a simple, readily scalable and in particular quickly and 

simply installable system is therefore provided. In this respect, it is 

also advantageous if the transmission interface is simultaneously set up 

for receiving a supply voltage for the measuring module, which has an 

associated energy supply unit. In this case, it is furthermore beneficial 

if the energy supply unit provides different voltages for digital or 

analogue switching parts of the measuring module. 

The local server can control and monitor or manage the entire 

measuring system, that is to say the measuring modules with the sensors 

connected thereto, and prepare and also temporarily store the measurement 

data of all stations. In the case of an Internet connection for 

transmitting the measurement data, it is furthermore possible via the 

(WEB) server in the case of remote Internet-based remote access to 

operate all devices via a WEB browser and to configure the same for 

specific use situations from the central point. 

In addition to the present measuring system with the measuring 

modules including sensors, it is also advantageous if a camera is 

attached on the bridge, in order to optically detect the vehicles 

travelling over the bridge from the side; two types of camera are 

provided during use, on the one hand overhead cameras, in order to obtain 

overview images of the vehicle, and on the other hand, high-speed cameras 

attached laterally to the street axis, in order to detect the vehicle 

axles here in particular and to couple the corresponding detections with 

the load measurement data, as are recorded by the WSG sensors, with 

regard to a simplified analysis. 

A buffer memory for temporarily storing the transmitted measurement 

data can advantageously be connected upstream of the actual analysing 

computer at the location of the central, remote evaluation unit. 

Whilst, as mentioned, the signal transmission from the sensors to 

the respective measurement modem and also from the measurement modem to 

the server or router preferably takes place in a wired manner in the 

region of the respective bridge, a wireless measurement data transmission 
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from this local measurement arrangement to the remote analysis unit is 

provided. 

As mentioned, the present measurement system enables low efforts 

for the installation on bridges to be monitored and nonetheless a 

centralised processing of the data and also monitoring of the systems. As 

a result, the overall operation process in the course of the measurements 

is simplified, and it is also made possible to carry out a plurality of 

measurements at various sites in parallel. Due to the decentralised 

measuring units, and the simple wiring, a clear cost advantage results 

and moreover, the present system can readily be adapted to specific 

measuring tasks, compared to systems currently available on the market. 

In this manner, the use of an efficient bridge measuring technology on a 

large scale is made possible with the present system. An advantageous use 

of the present measuring system consequently also results for toll 

systems and for traffic management. 

The concept of the “distributed measuring station” is of particular 

significance for the present measuring system, i.e. the distribution of 

the measuring units in measuring modules with a limited number of 

connected sensors in each case, for example as has proven particularly 

beneficial in practice, with up to eight (WSG) sensors per measuring 

module, these measuring modules then delivering the corresponding 

measurement data of the associated sensors in digital form. These 

distributed measuring "stations" are chronologically synchronised by the 

respective local server, i.e. the local server keeps the associated 

measuring modules or measuring stations in synchronicity. 

The invention will hereinafter be explained still further on the 

basis of particularly preferred exemplary embodiments illustrated in the 

drawing, to which it should not be restricted however. In detail, in the 

drawing: 

Fig. 1 shows a completely schematic illustration of part of a 

motorway bridge with positions for measuring modules and sensors of the 

present measuring system indicated therein; 

Fig. 2 schematically shows the structure of the present system 

for measuring the loading of bridges in the part figures Fig. 2A (local 

part of the measuring system) and Fig. 2B (remote central part of the 

system); 

Fig. 3 shows a block diagram of a measuring module provided in 

the system according to Fig. 2A, and 
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Figures 4 and 5 show exemplary embodiments for two different 

measuring channel units, namely for a WSG sensor (Fig. 4) and for a 

temperature sensor (Fig. 5). 

A part of a bridge 1, for example of a motorway bridge with two 

directions of travel 1A, 1B, is shown quite schematically in Fig. 1, 

lanes 3, 4 and 5, 6 respectively being present on both sides of the axis 

2 of the motorway bridge 1. On the underside of the bridge 1, on the one 

hand measuring modules 7 at the positions indicated in Fig. 1 and on the 

other hand positions of WSG sensors 8 and also a temperature sensor 9 can 

be seen; the positions of the WSG sensors 8 are indicated by small rings, 

but for the sake of simplicity, they are not further designated with 

separate reference numbers. It can be seen from the illustration in Fig. 

1 however that on the left side according to the illustration, eight WSG 

sensors 8 are connected to the measuring module 7, whereas if necessary 

fewer than eight WSG sensors 8 can also be provided. 

Additionally, a video camera 10 can also be seen from Fig. 1, which 

is provided to detect vehicles travelling over the bridge 1, particularly 

lorries and in particular the number of axles thereof. Further, a power 

supply box 11 for the local network (LAN) with the measuring modules and 

also a local router 12 are shown schematically. 

The individual components of the system, namely measuring modules 7 

with sensors 8, 9, but also with the router 12 and camera 10, are 

explained in more detail hereinafter on the basis of Figures 2 to 5. 

ADMP units 13 (ADMP - axle detection measurement point) are also 

furthermore illustrated in Fig. 1 with small squares. Here, these are 

sensors, with the aid of which the speed of the vehicles can be 

determined. 

The upper part of Fig. 2, the part Fig. 2A, shows a local 

arrangement 14 of the present measuring system by way of example, which 

(as a LAN network 15) is connected to a central, remote analysis region 

17 with an analysis unit 18 of the system via an Internet connection 16 

which is only illustrated schematically. It should be self-evident that a 

plurality of such local measuring arrangements 14 cooperate with the 

central region 17, as is shown in Fig. 2, even if only a solitary local 

measuring arrangement 14 is shown in Fig. 2. 

According to Fig. 2A, the local arrangement 14 comprises two groups 

19, 20 for example, with a plurality of measuring modules 7 in each case, 

which have corresponding measuring channel units with connection points 

for sensors, namely loading sensors 8 in the form of WSG sensors, 
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temperature sensors 9, but if necessary also acceleration sensors 21. The 

measuring modules 7 according to Fig. 1 will be explained in more detail 

hereinafter on the basis of Fig. 3 and their measuring channel units will 

be explained on the basis of Figures 4 and 5. 

The individual measuring modules 7, which are arranged in an 

Ethernet network 15, are connected to a PoE switching module 22 (PoE - 

Power over Ethernet) according to Fig. 2. The server/router 12 already 

mentioned on the basis of Fig. 1 is then connected to this switching 

module 22, which acts as router, as WLAN server and also as GSM or UMTS 

modem for the Internet connection 16, for network administration, for 

data preprocessing and for intermediate storage. 

Furthermore, the camera 10 is shown in Fig. 2A, which is connected 

via a data grabber 23, that is to say a data reader, to the PoE switching 

module 22. Moreover, as shown in the example according to Fig. 2A, a 

slave computer 24 can be provided for precalculations in the course of 

the data analysis, this slave computer 24 also being connected to the 

switching module 22. 

An upload server 25 is provided in the central measuring system 

region 17, via which the Internet connection 16 is realised. A buffer 

memory 26, a type of wait queue, is connected to this upload server 25, 

from which the measurement data make it via a transmitter 27 to the 

actual central analysis unit 18 with a central analysing computer 28 - 

via a firewall 29. The central computer 28 accesses a database 30 and it 

operates on the basis of analysis software which is represented in Fig. 

2B with an analysis module 31. 

The division of the measuring modules 7, etc. into groups, e.g. 19, 

20 is advantageous if a grouping into logical units appears expedient 

from a statically constructive viewpoint. In this case, handling the 

measurement data in groups may entail a significantly simpler signal 

processing. 

The measuring modules 7 are an important part of the present 

measuring system insofar as they entail a great proximity to the actual 

sensors 8, 9, but also 21, so that analogue sensor signals can already be 

digitised after a short distance. As will be explained in more detail on 

the basis of Fig. 3, in the preferred embodiment, up to eight sensors, 

particularly the WSG sensors 8 are kept synchronous with such a module 7. 

All measuring modules 7 are supplied with electrical energy in the 

exemplary embodiment shown by means of the PoE module 22. In this case, 
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it is advantageous that thin cables can be used, which can be laid 

easily. A limitation is imposed by a maximum length of 100 m. 

All data are sent on-line via the server or router 12, which is 

preferably used at the same time as a central computer for the local part 

14, whereby it synchronises the measuring modules 7 in the individual 

groups 19, 20; the router 12 permanently receives data packets, organises 

the same and forms so-called dac files for each group, in which one 

measurement result or a plurality of measurement results can be contained 

in each case. 

The acceleration sensor 21 is not absolutely necessary for the 

present measuring system, it can however be integrated in the measuring 

system if required, specifically either as an analogue sensor at one of 

the outputs for the WSG sensors 8, as shown in Fig. 2A, or as a digital 

sensor, particularly at an RS485 interface (cf. also Figs 3 and 5 below). 

The local slave server 24 can additionally be used to receive data 

and carry out on-site calculations parallel to the router or server 12. 

The wait queue 26 in the central region 17 is not only used as an 

asynchronous memory, but also offers the possibility of carrying out 

maintenance and installation operations on the central computer 28. The 

transmitter 27 is a temporally triggered service which reads the wait 

queue 26 with an upper limit of packets and passes the same through the 

firewall 29 to the computer 28. The camera 10 is a high-speed camera 

which can be seen as an additional “sensor”; for determining the 

geometric dimensions of a vehicle travelling over the bridge 1 (Fig. 1), 

this camera 10 should generate at least 200 fps (frames per second). The 

analysis then takes place in a time-delayed manner with the aid of the SW 

module 31. The data grabber 23 is strictly speaking a computer with 

gigabit Ethernet (GigE), in order to ensure communication with the camera 

10. The reader software and the server/router 12 are expediently 

synchronised with one another. 

The database 30 centrally contains all relevant data of each 

measurement project with respect to the respective bridge 1. This 

database 30 can however of course also manage a plurality of measurements 

running at the same time. 

A block diagram of a measuring module 7 is shown in more detail in 

Fig. 3, individual sensors connected to this measuring module also being 

indicated. The measuring module 7 for example detects the analogue 

signals of up to eight WSG sensors 8, which are mounted on the bridge 1 

to be measured (Fig. 1) and converts the analogue signals into individual 
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measuring channel units 32 or 33. As already mentioned, it is 

advantageous to record the temperature of the supporting structure in the 

group 19 or 20 (Fig. 2A), so that global strain changes of the supporting 

structure of the bridge 1 can be taken into consideration. This 

temperature sensor can for example be provided as a digital sensor 9 

which can be connected to an RS485 interface 34 of the measuring module 

7. Alternatively, in the case of an analogue temperature sensor 9', a 

suitable measuring channel unit 33 with A/D converter can be assigned, 

cf. also Fig. 5 which will be explained in more detail hereinafter. 

Above all, the wire strain gauge sensors 8 are important, which as 

analogue displacement transducers are used to measure strains on the 

underside of the bridge 1 as a consequence of loading during the 

travelling of heavy vehicles, in particular, over the bridge. 

The voltage supply of the measuring module 7, in which all 

components are preferably accommodated on a common circuit board, 

preferably takes place, as mentioned, via Ethernet - PoE, each measuring 

module 7 having a corresponding PoE module 35 connected to an interface 

module 36, e.g. a “Linux embedded module”. A supply voltage stage 37 is 

then connected to the PoE module 35, which in the example shown provides 

two operating voltages, namely 3.3 V for all digital components of the 

measuring module 7 and 5 V for all analogue components. A different 

supply voltage, e.g. 2.5 V would theoretically also be possible for the 

analogue components however. 

The PoE module 35 for example contains a DC/DC converter with buck 

topology in a per se conventional manner, which steps down the 48 V of 

the PoE supply voltage to 6 V. Subsequently, a second DC/DC buck 

converter is provided, which regulates this voltage from 6 V to 3.3. V 

for supplying the digital components, particularly also the Linux module 

36. A third, linear converter converts the 6 V supply voltage to a 5 V 

voltage for the analogue technology; a linear converter is therefore 

preferably chosen here, as the accuracy or cleanness of the voltage is 

then ensured. 

As already mentioned previously, a corresponding unit (11 in Fig. 

1) can be provided on the bridge 1 for power supply. This power supply 11 

can be realised with 4x12 V batteries, in order to ensure the 48 V 

voltage possible for the PoE technology. Instead of the 4x12 V batteries, 

e.g. car batteries, fewer batteries, at least with 36 V output voltage, 

can also be provided, an electronic voltage increase (so-called boost 

converter) then needed to be provided, as is known per se. The separate 

NO/EP 2697611



10 
 

voltage supply for the analogue and digital parts in the measuring module 

7 has the advantage that interferences due to cross-coupling can be 

prevented. 

The Linux embedded module 36 is used for communicating between the 

measuring module 7 and the local network 15, the Ethernet; for example a 

module 36 with Linux operating system is used, the module 36 in this case 

having a 10/100 megabit Ethernet connection and also providing serial 

interfaces (asynchronous, SPI - Serial Peripheral Interface, etc.). Due 

to the limited connections, the SPI interface for the individual 

measuring channel units 32 etc. is produced via an extended SPI interface 

38. 

The measuring module 7 combines a highly precise measuring 

technology with fast digital signal processing, as also results in more 

detail from the following description of Figures 4 and 5. In this case, 

an optimisation is possible with regards to the prevention of faults of 

the measuring technology, for example by means of coupling effects, 

crosstalk, etc. 

Preferably, the installation of the measuring module 7 takes place 

in a closed housing, particularly a metal housing, preferably a screwed 

aluminium housing, which can have dimensions of 220 mm x 123 mm x 80 mm 

for example. The measuring module 7 is in this case suitable for 

operation at an ambient temperature of -40°C to +50°C. 

Shown in Fig. 4 by way of example is a measuring channel unit 32 

connected to a WSG sensor 8 via a coaxial cable 39, the measuring channel 

unit 32 being a component of the measuring module 7, as mentioned, on 

which the for example up to 8 or 9 different sensors can be attached 

similarly to a "spider" via lines (coaxial cable 39). Each measuring 

channel 32 provides soldering terminals 40 on the circuit board for 

connecting the shielded 4-pole coaxial cable 39 to the associated sensor 

8 (wire strain gauges in a bridge circuit). A fifth soldering point is 

connected to earth or to the shielding of the coaxial cable 39. Two 

soldering points are used for optional voltage supply (3.3 V or 5 V as 

explained above), and two soldering points or signal connections are 

connected to a pre-amplifier 41 in the measuring channel 32, which for 

example provides a gain of up to 1400 times, a gain of 300 times in the 

example tested. From this pre-amplifier 41, the measurement signals 

(differential bridge signals) make it via a programmable amplifier 42 

(PGA - programmable gain amplifier) to an A/D converter 43. At the 
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amplifier 42, the amplification can be set via an input unit 44, e.g. to 

a x1, x2, x4, x8, x16, x32, x64 amplification. 

The A/D converter 43 is for example a 16 bit sigma-delta A/D 

converter. From the point of view of the respective measuring module 7, 

an exact synchronisation of the sampling times of the A/D converter 43 of 

the eight measuring channels is not required, as the measurement signals 

can be analysed integrally. Comprehensive setting options for the 

calibration and execution of the A/D conversion result from the pre-

amplification 41, 42 and also the converter 43. 

A filter 45 is then illustrated symbolically in Fig. 4. However, it 

is to be added to this that a hardware filter is preferably not used in 

the context of the present measuring system, rather a software filter is 

executed, to the extent that this is necessary. 

Finally, an SPI interface 46 can also be seen from Fig. 4, which 

produces the connection to the Ethernet or to the module 22 (Fig. 2A) via 

the SPI interface 38 and the embedded module 36. 

The thus-described measuring electronics deliver digital measured 

values, which correspond to a determined bridge voltage depending on the 

setting of the amplification at the amplifier 43. The electrical 

amplification of the system can be defined thus. The zero point of the 

system can be different from the zero value due to offsets in the sensor 

or in the measuring circuit, or else underlie any drifts, e.g. with 

temperature. The A/D converter 43 therefore offers an option for 

calibration, so that precise, reproducible measured values can be 

obtained over the entire temperature range occurring in practice. 

As mentioned, digital temperature sensors 9 or else analogue 

temperature sensors 9', for example Pt100 sensors, can be used for 

temperature measurement. An example for a measuring channel 33 with an 

analogue temperature sensor 9' of this type is shown in Fig. 5, the 

structure of this measuring channel 33 corresponding in principle to a 

large extent to that of the measuring channel 32 of Fig. 4, so that for 

corresponding components, the same reference numbers are used and a new 

description of this measuring channel unit, which concerns the structure, 

can be dispensed with. A similar structure of the measuring channel 

incidentally exists in the case of an (analogue) acceleration sensor 21 

(Fig. 2A). 

The temperature measurement should be carried out with sensors 9 or 

9' of such a type that a resolution of 0.1°C and an accuracy of +/- 1°C 

is achieved. 
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A difference in the configuration of Fig. 5 compared to that of 

Fig. 4 consists in the fact that in the case of a temperature sensor 9', 

a pre-amplifier 41 is not required. A stable measurement with the 

required resolution is hereby possible. The achievement of the desired 

accuracy can however also be dependent on the scattering of the 

resistance values of the Pt100 sensors 9, which can be taken into account 

with a corresponding calibration. 

A temperature measurement is in each case only required for an 

entire measurement cycle, so that the measurement of the temperature can 

take place at comparatively large time intervals, e.g. in intervals of 

one second or more. The time schedule of the temperature measurement can 

be set via the software. The analogue signal received from the sensor 9' 

is in turn digitised in the measuring channel 33 (cf. AD converter 43) 

and is subsequently converted into the actual temperature value by means 

of corresponding formulae in the embedded module 36 (cf. Fig. 3). 

Preferably, however, as mentioned previously, digital temperature 

sensors 11 are used (cf. Fig. 3), highly precise digital semiconductor 

temperature sensors 9 having meanwhile become available, which output the 

temperature value directly in digital form, for example via I2C or SPI 

interfaces. Digital temperature sensors 9' of this type also enable 

larger distances to the measuring modules 7 or the RS485 interfaces 34 

thereof (cf. Fig. 3). 

As the invention has above been explained on the basis of 

particularly preferred exemplary embodiments, further amendments and 

modifications are of course possible in the context of the invention. 

Thus, it is for example conceivable in the case of small bridge 

constructions to only provide one measuring module 7 with a corresponding 

number of measuring channels 32/33, e.g. also only six, although the 

invention produces its particular advantages if a majority of measuring 

modules 7 of this type is provided on a bridge 1, specifically in the 

corresponding grouping, as explained. The advantages of a simple 

mounting, an exact and fast measured value determination and also a fast 

and precise analysis of the measured data are enabled by means of the 

described distributed system, cf. in particular Fig. 2 with the Part 

Figures 2A and 2B. 
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PATENTKRAV 

 

1. System for måling av belastningen på en bro (1) når den blir passert av et 
kjøretøy, omfattende: 
 5 

- et flertall av målemoduler (7) som hver omfatter et flertall av 
målekanalenheter (32, 33) med A/D-konvertere, 

- belastningsmålesensorer (8) som er separat assosierte med 
målemodulene, som er tilveiebrakt for festing på broen (1), der sensoren 
sender analoge målesignaler gjennom ledninger til målekanalenhetene 10 
(32, 33) som respektivt er assosiert med dem, som utleder digitale 
måledata fra målesignaler ved hjelp av A/D-konvertere, 

 
karakterisert ved at  

- systemet ytterligere omfatter en PoE (Power over Ethernet)-brytermodul 15 
(22), en lokal sørver/ruter (12) og en fjerntliggende evalueringsenhet 
(18), 

- de digitale måledataene blir sendt fra sørveren/ruteren (12) via en 
radiomålingsdatasending (16) til den fjerntliggende evalueringsenheten 
(18), 20 

- målemodulene (7) omfatter i hvert tilfelle et respektivt sendeinterface 
(36), og er koblet i parallell og gjennom ledninger til PoE-brytermodulen 
(22) og via den samme til den lokale sørveren/ruteren (12), hvorved et 
lokalt nettverk (LAN) (15) blir dannet, 

- den lokale sørveren/ruteren (12) blir satt opp for å holde målemodulene 25 
(7) i synkronitet. 

 
2. System ifølge krav 1,  
karakterisert ved at sendeinterfacet (36) er samtidig satt opp for å motta en 
tilførselsspenning for den respektive målemodulen (7), som har en assosiert 30 
energiforsyningsenhet (37). 
 
3. System ifølge krav 2,  
karakterisert ved at energiforsyningsenheten (37) tilveiebringer ulike spenninger for 
digitale og analoge bryterdeler av målemodulen (7). 35 
 
4. System ifølge ethvert av kravene 1 til 3,  
karakterisert ved at individuelle målemoduler (7) er kombinert til grupper (19, 20). 
 
5. System ifølge ethvert av kravene 1 til 4,  40 
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karakterisert ved at minst én målemodul (7) er koblet til en temperatursensor (9, 9’) 
som detekterer en temperatur for en brounderstøttende struktur. 
 
6. System ifølge ethvert av kravene 1 til 5,  
karakterisert ved at minst én målemodul (7) er koblet til en akselerasjonssensor 5 
(21). 
 
7. System ifølge ethvert av kravene 1 til 6,  
karakterisert ved at hver målemodul (7) er anbrakt i et hus, f.eks. laget av metall, 
som er lukket på en forseglet måte. 10 
 
8. System ifølge ett av kravene 1 til 7,  
karakterisert ved et lokalt beregningsmiddel (24) som er koblet til hver målemodul 
(7) for utførelse av beregninger på stedet. 
 15 
9. System ifølge ethvert av kravene 1 til 8,  
karakterisert ved at den lokale sørveren/ruteren (12) er en WLAN-sørver. 
 
10. System ifølge ethvert av kravene 1 til 9,  
karakterisert ved at den lokale sørveren/ruteren (12) har et GSM- eller UMTS-20 
modem for dataoverføring. 
 
11. System ifølge ethvert av kravene 1 til 10,  
karakterisert ved et kamera (10) for lateral kjøretøydeteksjon, spesielt for deteksjon 
av kjøretøyakslene, tilveiebrakt for festing på broen. 25 
 
12. System ifølge ethvert av kravene 1 til 11,  
karakterisert ved at et bufferminne (26) er tilveiebrakt på den fjerntliggende 
evalueringsenheten (18). 

 30 
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